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Coastal Processes Study of Santa Barbara and Ventura 

Counties, California 

By Patrick L. Barnard, David L. Revell, Dan Hoover, Jon Warrick, John Brocatus, Amy E. Draut, Pete 

Dartnell, Edwin Elias, Neomi Mustain, Pat E. Hart, and Holly F. Ryan 

Executive Summary of Major Findings 

The United States Geological Survey and the University of California, Santa Cruz collaborated 

on a three-year project (2005-2008) to analyze sediment transport processes and identify coarse-grained, 

nearshore sediment bodies along the Santa Barbara and Ventura County coastline. Work described in 

this project was primarily supported by the California Department of Boating and Waterways through a 

grant from the Beach Erosion Authority for Clean Oceans and Nourishment, and was conducted in 

collaboration with the United States Army Corps of Engineers, Los Angeles District. This research was 

designed as a regional study of the Santa Barbara-Ventura County coast, complemented with five 

localized studies in areas of critical interest. Semi-annual surveys (October 2005 to October 2008) 

designed to capture maximum and minimum beach volumes and seasonal transport patterns (early fall 

and late winter) included topographic beach surveys using All-Terrain Vehicles, nearshore bathymetric 

surveys using the USGS Coastal Profiling System, and grain-size analysis using digital cameras. In 

addition, this project was supported by a Lidar flight in October 2005 performed by the University of 

Texas, numerous multibeam and side scan surveys, sub-bottom profiling, regional sediment sampling 

using a box core, digital still and video bed-sediment cameras, and numerical modeling using Delft3D. 

What follows is a summary of the key findings discussed in this report. 
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Chapter 2—Historical Changes 

• No systematic narrowing of beach widths was found in the end point beach-width changes as 

was hypothesized to be associated with a reduction in sand supply. Instead, beach widths have 

oscillated during the 75-year record. 

• Updrift of the Santa Barbara Harbor, minimum beach widths were closely related to the strong 

El Niño events of 1982-83 and 1997-98. Downdrift of the harbor, beach widths did not follow 

this El Niño pattern, suggesting that the harbor was regulating beach widths downdrift similar to 

a dam regulating water levels downstream. 

• Beach-width envelopes provide strong evidence for stable beaches and could help in refining the 

current beach-monitoring program. 

• The greatest narrowing of beach widths occurred (1) near Carpinteria—caused by sand 

impoundment by the construction of the Santa Barbara Harbor; (2) by Ventura Harbor–caused 

by the breaching of the beach to form the harbor; and (3) at Goleta Beach—due to the 

construction of the Santa Barbara airport and the loss of tidal prism at Goleta Slough. 

• The greatest widening of beach widths occurred immediately updrift of Santa Barbara Harbor 

(>200 m) as a result of sand impoundment by the breakwater, and at the groin field in Ventura 

where beach widths widened by >100 m. 

• The greatest shoreline changes resulted from large erosion events such as the 1982-83 El Niño 

and the erosion wave associated with the construction of the Santa Barbara Harbor breakwater. 

• Analyses of natural beach widths and shoreline orientation demonstrate that the west-facing 

beaches of Ellwood (255-240 degrees) were the most stable, with beach widths ranging from 25 

to 75 m. The east-facing beaches (120-105 degrees) were the most variable, ranging from 0 to 

150 m in width. South-facing beaches were the narrowest. 
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• Beach-width and shoreline-change analyses reveal a pattern of beach narrowing attributable to 

shoreline armoring. Along the 70 km study area, 60 percent (41.9 km) of the shoreline has been 

armored with a variety of revetments and seawalls. In these areas, accretion of the back beach 

and erosion of the wet/dry shoreline illustrate the effects of placement loss and passive erosion. 

• From 1929 to 2005, shoreline-change analyses reveal a study-area-wide accretion pattern of 10 

cm/yr for the back beach and 16 cm/yr for the Mean Sea Level shoreline. From 1860 to 2005 the 

Mean Sea Level shoreline accreted at a rate of 8 cm/yr. 

• Shoreline-change analyses show that accretion is associated with shore-protection structures, 

with cross-shore structures (groins and jetties) accreting the wet/dry shoreline, and shore-parallel 

structures (seawalls and revetments) building out the backbeach and reducing beach widths.  

• Shoreline segments without shoreline armoring show mild erosion of both the back beach and 

wet/dry shoreline of about 2-3 cm/yr. 

• Carpinteria and Hope Ranch beaches both show El Niño storm-event rotation responses that 

match the long-term shoreline-change pattern. This suggests that El Niño events may be driving 

the long-term coastal evolution. 

• Sand travels alongshore as coherent pulses that are detectable at stable beaches. Evidence of 

alongshore sand movement can be seen subaerially in both erosion and accretion waves, with 

some of the sand transported below mean sea level in the nearshore.  

• Lag-correlation analyses show that the movement of sediment pulses may be faster than 

previously thought, with potential migration rates of several kilometers per year. 

• The beach-width methodology is useful when coupled with shoreline-change analyses for 

examining the cumulative impacts associated with shore-protection structures and the response 

of the shoreline to large storm events. 
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Chapter 3—BEACON Surveys  

• There is no significant average regional change observed in the Santa Barbara littoral cell 

between 2003 and 2007 based on 41 BEACON survey lines. 

• Significant erosion is observed in the vicinity of the Santa Barbara Harbor and Rincon Parkway 

between 2003 and 2007. 

• From 2003 to 2007 accretion is observed at Goleta, from Summerland to La Conchita, and along 

most of the coastline south of the Santa Clara River mouth, including around Hueneme Harbor. 

• At least 6 million m3 of sediment was delivered to the coast at the mouth of the Santa Clara 

River during the winter flood of 2004-2005. 

• The shoreline adjacent to the Santa Clara River prograded up to 129 m as a result of the winter 

flood in 2004-2005. 

• North of the Santa Clara River mouth the mean high water shoreline retreated an average of 6 m 

from 1987 to 2007. 

• The shoreline south of the Santa Clara River mouth accreted an average of 34 m from 1987 to 

2007. 

• Approximately 5 million m3 (250,000 m3/yr) of sediment was eroded from the Rincon Parkway 

region (Hobson to Surfer’s Point) from 1987 to 2007. 

Chapter 4—Recent Morphological Changes  

• Shoreline change since the 1997-98 El Niño is negligible in the Santa Barbara littoral cell, 

although there have been pockets of considerable accretion and lesser amounts of erosion. 

• Between 1997 and 2005, the highest rates of accretion were measured just updrift of the Santa 

Barbara Harbor (3 m/yr) and at the mouth of the Santa Clara River (8.1 m/yr). 



 5 

• Between 1997 and 2005, the highest rates of erosion were measured on the beach adjacent to 

Mugu Canyon, at up to -11.4 m/yr. 

• Regional beach slope suggests dominantly reflective conditions, but conditions can be 

influenced locally by shore-protection structures. 

• From 2005 to 2008, all-terrain vehicle beach mapping at Ellwood/Isla Vista/Goleta, Carpinteria, 

and Ventura shows that the shoreline was retreating at each of the three sites, with rates ranging 

from ~1 m/yr in Carpinteria to 6.3 m/yr in Ventura. 

• From 2005 to 2008, shoreline-retreat rates locally exceeded 40 m/yr at the Santa Clara River 

mouth, likely due to a rapid return to equilibrium after the large January 2005 flood built the 

shoreline seaward more than 100 m. 

• From 2005 to 2008, a trend of beach steeping was observed at each site, except at the mouth of 

the Santa Clara River. 

• From 2005 to 2008, typical seasonal patterns of beach loss in the winter and recovery in the fall 

were observed at each focus area, except at the Santa Clara River mouth from October 2005 to 

March 2006. 

• From 2005 to 2008, despite rapid shoreline-retreat rates, the beach south of the Santa Clara 

River gained more than 200,000 m3 of sediment. 

• From 2005 to 2008, Goleta County Beach experienced unusual beach steeping from winter to 

fall each year. 

• From 2005 to 2008, repeated cross-shore bathymetric surveys suggest depth-of-closure values 

from 1.8 to 11.3 m or more, with the deepest values occurring on the Santa Clara River delta. 

Values in most areas are between 2 and 8 m. 
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• From 2005 to 2008, semiannual bathymetry measurements outside of the Ventura/Santa Clara 

River study area show relatively modest (~10 to 50 m3/m) seasonal and annual volume changes. 

Subtidal seasonal changes occur primarily as accretion during the winter and erosion during the 

summer, with only a slight net loss (average -4.7 m3/m) in profiles during the study period. 

• In the Santa Clara River delta area, bathymetric profiles collected from 2005 to 2008 show 

erosional losses both seasonally and annually, indicating continuing deflation of the delta 

following the major input of flood sediments in January 2005. Sediment losses from the delta 

during this period were much larger than anywhere else in the study region, commonly 

exceeding 400 m3/m per year. 

• Offshore wave statistics from 2005 to 2008 show no significant mean wave-height changes, but 

very large waves (>6 m) occurred more frequently in the last two winters of the study, which 

could explain the higher beach-erosion rates observed at the focus sites during this time period. 

Chapter 5—Grain-Size Analysis  

• The mean grain size of swash samples in the Santa Barbara littoral cell is 0.26 mm (range 0.15 to 

0.58 mm), with a littoral cut-off diameter of 0.125 mm. 

• Out of 318 nearshore sample locations, only 2 percent contained mean grain sizes that exceeded 

fine sand (>0.25 mm). 

• Only 3 percent of the nearshore box-core samples collected equaled or exceeded the mean grain 

size of the swash samples. 

• The most promising sites for further investigation of potentially large volumes of beach-

compatible sediment are off of Santa Barbara Harbor and Oil Piers. 

• The volume of beach-sized sediment off the Santa Clara River mouth is potentially high, but 

poorly resolved. 
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Chapter 6—The Impacts of Debris Basins on Sediment Delivery to the Santa Barbara 

Littoral Cell, California 

• Debris basin maintenance records suggest that coastal watersheds in the Santa Ynez Mountains 

discharge 110,000 to 300,000 m3/yr of littoral-grade sediment into the Santa Barbara littoral cell.   

• Debris basins are estimated to have reduced littoral-sediment contributions to the Santa Barbara 

littoral cell by 15,000 to 40,000 m3/yr, or about 15 percent of the total littoral-sediment 

production of the Santa Ynez Mountain coastal watersheds.    

• Debris-basin maintenance has removed 1.3 to 2.0 million m3 of sediment between 1969 and 

2005, the majority (~85 percent) of which is permanently removed from the downstream fluvial 

and littoral systems through disposal or reuse. 

Chapter 7—Multibeam Bathymetry  

• During the last several years the entire nearshore zone from the 10-m isobath seaward to the 

State 3-mile limit has been mapped using multibeam and sidescan sonar. 

• Numerous map products are currently in production, highlighted by high-resolution bathymetry, 

habitat maps, and seamless onshore-offshore geologic maps. 

• The Coal Oil Point region is dominated by thin veneers of sediment and  bedrock exposures. 

• The substrate offshore of Carpinteria and off of the Ventura and Santa Clara Rivers is sand-

dominated. 

• At Mugu Canyon, abundant, long-wavelength sand waves suggest high rates of down-canyon, 

sand-sized sediment transport.  
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Chapter 8—Seismic-Reflection Images of Shallow Sedimentary Deposits 

• Major depositional centers are located off Ellwood, Goleta, Miramar/Summerland, and Rincon 

toward the Ventura River delta.  

• Shallow bedrock (<1 m) is found off Isla Vista, Arroyo Burro, Santa Barbara Harbor, and 

Rincon Point. 

Chapter 9—Numerical Modeling 

• Local erosion and accretion patterns in the Santa Barbara littoral cell are well explained by 

modeled littoral-sediment transport gradients. 

• Significant littoral-drift reversals at the Ventura and Channel Islands Harbors, due to western 

and southern wave energy, result in dredging rates that may significantly exceed the true net 

sediment transport rate. 

• Littoral-drift acceleration at Goleta, Carpinteria, and Surfer’s Point correlates with short- and 

long-term erosion trends in those areas. 

• Deceleration of littoral-drift rates near La Conchita and the Santa Clara River mouth corresponds 

with the decadal-scale accretion noted in those locations. 

• Geologically controlled shoreline orientation and sediment supply are the critical factors 

controlling local shoreline behavior. 

• Rotation of beaches predicted in modeling agrees with observed trends at the Ellwood/Isla 

Vista/Goleta and Carpinteria focus areas. 
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Chapter 1—Introduction 

Project Summary 

 The U.S. Geological Survey (USGS) and the University of California, Santa Cruz (UCSC) 

collaborated on a three-year project (2005-2008) to analyze sediment-transport processes and identify 

coarse-grained, nearshore sediment bodies along the Santa Barbara and Ventura County, California, 

coastline. This region, the Santa Barbara littoral cell (SBLC), extends 150 km from Point Conception to 

the Mugu submarine canyon (fig. 1.1). Work described in this project was primarily supported by the 

California Department of Boating and Waterways (CDBW), through a grant from the Beach Erosion 

Authority for Clean Oceans and Nourishment (BEACON), and was conducted in collaboration with the 

U.S. Army Corps of Engineers (USACE), Los Angeles District.  

 The approach of the study has been regional, but five areas were chosen for focused, high-

resolution survey work:  

• Goleta/Isla Vista/Ellwood, 

• Carpinteria, 

• Rincon Parkway, 

• Ventura/Santa Clara River Mouths, and 

• Mugu Canyon. 

 We addressed each of the tasks as outlined in the accepted proposal of August 2005, which was 

designed to respond directly to the USACE Project Management Plan (PMP) for the region: 

“Coast of California Storm and Tidal Waves Study (CCSTWS) Ventura/Santa Barbara Counties, 

California PMP” (April 2004). The work at Carpinteria, having been supported through separate 
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funding, was completed and published in 2007 (Barnard and others, 2007). The results of this study can 

be found online at http://pubs.usgs.gov/of/2007/1412/. 

Project Objectives 

• Document changes in the SBLC during the last century. 

• Quantify annual and seasonal nearshore sediment-transport patterns in the focus areas. 

• Assess the compatibility of beach and nearshore sediment bodies. 

• Assimilate data collection into a numerical modeling framework to identify the dominant 

sediment-transport pathways in the SBLC. 

• Synthesize the results to revise the sediment budget for the SBLC and support SBLC 

management decisions. 

Project Approach 

 This research was designed as a regional study of the Santa Barbara-Ventura County coast, 

complemented with five localized studies in areas of critical interest. Semiannual surveys (October 2005 

to October 2008) designed to capture maximum and minimum beach volumes and seasonal transport 

patterns (early fall and late winter) included topographic beach surveys using all-terrain vehicles 

(ATVs),  nearshore bathymetric surveys using the USGS Coastal Profiling System (CPS), and grain-size 

analysis using digital cameras. In addition, this project was supported by a Lidar flight performed by the 

University of Texas in October 2005; numerous multibeam and sidescan surveys; sub-bottom profiling; 

regional sediment sampling using a box core; digital still camera and video bed-sediment cameras, and 

numerical modeling using Delft3D. 

 
 

 

http://pubs.usgs.gov/of/2007/1412/
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Future Work 

The USGS plans to establish a long-term monitoring presence in the region with annual surveys 

in October. This effort was initialized by funding from the USACE, Los Angeles District, in August 

2008. The goal of this long-term monitoring program will be to analyze regional changes by using the 

historical BEACON survey lines that were established in 1987, as well as detailed analysis of site-

specific coastal evolution in areas with specific management concerns, such as Goleta and Carpinteria 

(beach erosion), Rincon Parkway (various State interests), Ventura River mouth (Surfer’s Point 

erosion/restoration and pending Matilija dam removal), Santa Clara River mouth (major littoral-sand 

provider), and Mugu Canyon (primary sink for sediment in littoral cell). 

In addition, the Coastal Erosion task of the USGS Southern California Multi-Hazards 

Demonstration Project includes assessing coastal storm impacts to the SBLC. This work is scheduled 

for completion in September 2011 (see http://walrus.wr.usgs.gov/coastal_processes/socalhazards/). 

Report Outline 

This report is designed to provide a summary of all coastal research performed by the USGS-

UCSC collaboration in the Santa Barbara-Ventura County region from 2005-2008, including work not 

directly supported by BEACON. The report is laid out as follows: 

• Executive Summary 
• Chapter 1—Introduction 
• Chapter 2—Historical Changes  
• Chapter 3—BEACON Surveys  
• Chapter 4—Recent Morphological Changes 
• Chapter 5—Grain-Size Analysis  
• Chapter 6—The Impacts of Debris Basins on Sediment Delivery to the Santa Barbara Littoral 

Cell, California 
• Chapter 7—Multibeam Bathymetry  
• Chapter 8—Seismic-Reflection Images of Shallow Sedimentary Deposits 
• Chapter 9—Numerical Modeling Sediment Budget Analysis for the Santa Barbara Littoral Cell 

using Delft3D 
• Chapter 10—Project Synthesis 

http://walrus.wr.usgs.gov/coastal_processes/socalhazards/
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• Appendix A—BEACON Survey Lines 
• Appendix B—Beach Mapping 
• Appendix C—Coastal Profiling System Lines 
• Appendix D—Grain-Size Data 
• Appendix E—Modeling Report 

 

 At the end of each chapter there are bullet points to emphasize the key findings—these findings 

are also listed in the Executive summary at the beginning of this report. A large amount of the survey 

data directly supported by BEACON (for example, topographic maps, bathymetric profiles, and grain-

size results) is contained in the appendices. This report is designed to present the key data supported by 

BEACON and to introduce related data and analysis by providing links to other data and reports. 

Project Support and Collaboration 

The Santa Barbara and Ventura County Coastal Processes study was primarily funded by the 

CDBW through BEACON. However, the project and additional complementary research has also 

benefited greatly from internal support at the USGS, an additional grant from the CDBW through the 

City of Carpinteria, and funding from the USACE, as well as interactions with a number of other 

agencies and groups. A list of the primary collaborators is outlined below. 

• USGS Support:  
– California Urban Oceans Project (Project Chief: Homa Lee) 
– Seafloor Mapping Project (Project Chief: Guy Cochrane) 
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Figure 1.1. Overview of the Santa Barbara littoral cell with the designated focus study areas. 
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Chapter 2—Historical Changes 

By David L. Revell 

Summary 

 Beach widths and shoreline change along Santa Barbara and Ventura Counties, California, were 

evaluated using a 75-year record of rectified historical air photos and a 138-year record of historical 

maps. The analyses did not reveal any large-scale, long-term beach narrowing trends that would be 

associated with a reduction in sand supply caused by dam construction and/or shoreline armoring. 

Instead, beach widths oscillated widely across the littoral cell. Updrift of the Santa Barbara Harbor, 

minimum beach widths were closely related to the strong El Niño events of 1982-83 and 1997-98.  

Downdrift of the harbor, minimum beach widths did not follow this pattern, suggesting that the harbor 

regulated downdrift beach widths, although shoreline orientation and wave exposure may also play a 

role. The beach-width analyses did reveal a pattern of narrowing attributable to shoreline armoring. The 

beach-width envelopes also identified stable beaches along the study area. Along the 70 km study area, 

60 percent (41.9 km) of the shoreline is armored and showed accretion of the back beach and erosion of 

the wet/dry shoreline (a proxy for mean sea level (MSL)), patterns consistent with the effects of 

placement loss and passive erosion. The largest shoreline and beach-width changes were associated with 

the construction of Santa Barbara Harbor in 1928.    

 Beach responses to large El Niño events formed a pattern of beach-width reduction of >50 

percent and rotation into the dominant direction of wave attack. Long-term shoreline-change patterns 

show a similar pattern of shoreline rotations, providing evidence that El Niño events play an important 

role in long-term coastal evolution. A large volume of sand (~385,000 m3) eroded from UCSB and 

Goleta beaches during the 1982-83 El Niño event moved downcoast as a pulse, but is visible only along 
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stable beaches updrift of the Santa Barbara Harbor. Sand volumes above MSL on these stable beaches 

could not account for the entire eroded volume. The missing portions must have been transported 

alongshore below MSL, as the original volume eroded could be accounted for in subsequent Santa 

Barbara Harbor dredge records as an increase above average annual dredge volumes. 

The application of a beach-width methodology to regional coastal-change analyses 

provides information on sand volumes, beach response to storm events, and the impacts of human 

alterations to the coast. This information can assist coastal managers in identifying cumulative 

impacts of shoreline armoring and quantifying impacts to sand supply.  

Introduction 

The Santa Barbara sandshed (the watershed and the littoral cell; Revell and others, 2007) 

extends 245 km from the Santa Maria River in the north, around Point Conception, where the north-

south trending coast takes an abrupt turn to a west-east trending shoreline heading into the Southern 

California Bight (fig. 1.1). The sand on area beaches moves along the coast of southern Santa Barbara 

and Ventura Counties until it reaches the Mugu submarine canyon, which is believed to be the endpoint 

of the littoral cell. 

The Santa Barbara sandshed is a relatively complex coastline with a variety of rocky outcrops, 

offshore reefs, and relatively narrow beaches. The beaches receive the majority of their sand inputs from 

four major rivers: the Santa Maria, Santa Ynez, Ventura, and Santa Clara Rivers, which drain the 

sedimentary rocks of the Transverse Range. Numerous small coastal drainages also provide sediment 

pulses during episodic rain events (Inman and Jenkins, 1999; fig. 1.1).   

Point Conception to the northwest and the Channel Islands to the south create a narrow swell 

window that shelters much of the south-facing coast of Santa Barbara County from extreme wave events 

(fig. 2.1). The Mediterranean climate of southern California results in mild annual temperatures and low 
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precipitation punctuated by episodic and often extreme events frequently associated with El Niños.  

Winds and wave heights vary seasonally, but focusing of waves into the Santa Barbara Channel drives 

an almost unidirectional alongshore sediment transport from west to east. Beaches narrow during the 

winter and spring (November to April), and widen during the summer and fall (May to October). 

Alongshore transport rates for the study area are approximated by the 75-year Santa Barbara Harbor and 

the 44-year Ventura Harbor dredge records, which show mean annual rates of ~230,000 m3 and 

~505,000 m3 of sand removed per year respectively (adapted from Patsch and Griggs 2007; pers. 

comm., U.S. Army Corp of Engineers, December 2007; fig. 2.2). Variability in the dredge volumes stem 

from sediment supply, navigational depth requirements, funding, and differences in reporting of 

sediment volumes. The southern coast of Santa Barbara and Ventura Counties is composed mostly of 

bluff-backed beaches perched on bedrock wave-cut platforms. Along this coast are a few dune-backed 

beaches that have formed near ephemeral creeks and sloughs, typically controlled by the complex 

faulting in the Western Transverse Range.  

The northern end of this sandshed has been characterized as the last remaining stretch of 

relatively undeveloped coast in southern California; however, the area is not without human influence. 

Physical alterations to the Santa Barbara coastline began with the completion of the Southern Pacific 

Railroad in 1901. Major physical alterations to the Santa Barbara sandshed began with dam construction 

on major rivers: the Santa Ynez River in 1920, the Ventura River in 1955, and the Santa Clara River in 

1948 (Patsch, 2004). In 1928, the Santa Barbara Harbor was constructed, and subsequent sand 

impoundment in the harbor provided a classic example of down-coast erosion caused by the disruption 

of alongshore transport (Wiegel, 2002; Barnard and others, 2007; Revell and others, 2008). Dam 

impoundment and shore-protection structures have been estimated to result in an approximately 40 

percent reduction in sand supplied to the SBLC by the major rivers and bluff erosion, with the great 
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majority of the reduction from dam impoundment (Runyan and Griggs, 2003; Willis and Griggs, 2003). 

It was predicted that this reduction would result in a subsequent decline in sand volume dredged at the 

harbors in the cell. However, Patsch and Griggs (2007) used dredge records to estimate average 

alongshore transport of sand at Santa Barbara and Ventura Harbors (fig. 2.2), and concluded that there 

was no evidence of reductions in dredge volumes following major impoundments in the sandshed. One 

potential explanation for the lack of reductions could be that updrift beaches were narrowing and 

supplying the sand that had been lost due to dam impoundment.   

Generally, beach widths typically remain constant (after factoring out seasonal cycles) by 

migrating inland or seaward depending on the amount of sand in the system (Komar, 1998). If the 

shoreline is eroding due to sea-level rise or some other factor, that same beach width would then be 

translated inland, but remain relatively constant, assuming a constant sediment supply and no shoreline 

armoring. However, if the sediment supply is reduced, then beaches would be expected to narrow. 

Additionally, in locations of shoreline armoring, the placement of a structure on the beach and 

subsequent erosion results in a narrowing of the beach.  

This hypothesis was tested along 10 km of coast centered at Isla Vista, updrift of the Santa 

Barbara Harbor, where it was found that beach widths had not narrowed but instead had oscillated 

(Revell and Griggs, 2006). Major beach changes were related to the occurrence of large El Niño events, 

which elevate water levels, wave heights, and precipitation while shifting the normal storm track to the 

south, creating more westerly wave attack in this study area (Seymour, 1998; Storlazzi and Griggs, 2000 

Inman and Jenkins; 1999, Bromirski and others; 2005, Storlazzi and Wingfield; 2005, Adams and 

others; 2008).   The oscillations in beach width updrift of the Santa Barbara Harbor were found to 

coincide with different phases of the Pacific Decadal Oscillation (PDO), a climate index of sea-surface 

temperature with a periodicity of ~20+ years (Mantua and others, 1997). During positive PDO phases, 



 19

despite El Niño-like patterns of increased precipitation and stream flow (Inman and Jenkins, 1999), 

beaches narrowed; during negative and calmer, drier PDO phases, beach widths widened (Revell and 

Griggs, 2006). The driving mechanisms of beach changes are most likely related to the change in wave 

direction that shifts waves more to the west during large El Niño events (Seymour 1998; Storlazzi and 

Wingfield, 2005; Adams and others, 2008). A shift in wave direction over a longer period of time would 

preferentially affect beaches that were normally sheltered in the Southern California Bight (Graham, 

2003). This PDO-related oscillation has also been observed in Kihei, Maui, where alongshore sediment 

transport in similarly sheltered areas was also affected by a change in wave direction (Rooney and 

Fletcher, 2005).   

Historical regional shoreline changes have recently been calculated for this study area as part of 

the USGS National Shoreline Assessment Project for California. Using three historical topographic 

sheets (T-sheets; 1870s, 1933, and 1970s) and a more recent 1998 Lidar shoreline, Hapke and others 

(2006) found that for the Santa Barbara South region, average shoreline-change rates were slightly 

accretional (0.1 m/yr) from 1871 to 1998, while short-term rates (1970s to 1998) were erosional (-0.5 

m/yr; 2006). The minimum and maximum rates were found to be mostly associated with large 

transportation and engineering projects.  

The focus of this study has been to incorporate additional shorelines into the change analyses 

and to incorporate a beach-width component into the 70-km stretch of the Santa Barbara sandshed 

extending from Ellwood Beach to Ventura Harbor in order to evaluate the response of beaches and the 

shoreline to the quantified reduction in sand supply. This study also examined beach response to major 

El Niño events, and the impacts of human alterations to the coastline. 
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Methods 

Historical Air Photos and Topographic Sheets 

Historical aerial photographs and T-sheets provide two of the best data sources for long-term 

shoreline and beach-change investigations. For this study, eighteen different sets of vertical air photos 

were obtained for the period from 1929 to 2003 (table 2.1).  Photographs selected for this study (at scale 

1:24,000 or smaller) were taken during the calmer season (summer to fall) to reduce the influence of 

seasonal variability and to ensure that beaches were near their maximum width. Additionally, the use of 

historical National Ocean Service (formerly U.S. Coast and Geodetic Survey) T-sheets from the 1870s 

and 1933 that mapped a High Water Line (HWL) shoreline extended the shoreline-change analyses to 

138 years. To minimize errors, historical imagery and topographic maps were georectified using known 

coordinates of ground locations (obtained through GPS surveys) and orthophotography to reduce photo 

distortions (Moore, 2000; Hapke and others, 2006; Moore and others, 2006).  

For each rectified air photo, two shoreline reference features were digitized—the wet/dry line 

(identified using tonal contrasts), and the back beach or toe of the cliff, revetment, or dune. The beach 

width is the distance between the wet/dry line and the back-beach feature, generally the dry sand 

(subaerial) portion of the beach at the time of the photo. Given the short-term variability of water levels, 

corrections to the wet/dry proxy-based shoreline reference features were based on the tide-level portion 

of the total water-level model discussed in Ruggiero and others (2003). Tide-level corrections adjusted 

the wet/dry shorelines to Mean Sea Level (MSL; 0.83 m NAVD88) by using historical hourly water-

level data at Santa Barbara Harbor (Station # 9411340; National Oceanic and Atmospheric 

Administration, 2007). These corrections translated the water level at the time of each historical photo 

onto an average summer beach slope calculated from historical profiles and more recent Lidar data sets.  

A similar correction was also applied to the HWL mapped on historical T-sheets, which has been shown 
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to be systematically offset landward of mean high water (MHW) (Hapke and others, 2006),  thus 

adjusting the T-sheet shoreline to MSL (see additional discussion under uncertainties and errors).  

The historical beach-slope averages used in the tidal correction were taken only from the 

historical summer profiles (June to October) and ranged from 0.036 (sand beach) to 0.11 (cobble beach). 

Due to the typical low energy waves found in the Santa Barbara Channel during the summer and fall, 

and the lack of directional hindcast wave data for most of the photography, a wave run-up adjustment 

was not included in the proxy-based shoreline correction. 

Shoreline change and beach widths for all imagery were measured along the same 50-meter 

spaced transects drawn from an offshore baseline using the USGS Digital Shoreline Analysis System 

(DSAS; Thieler and others, 2005). All shoreline-change rates discussed in this paper were calculated 

using DSAS version 3.2, which uses an offshore baseline to calculate relative shoreline position and 

change rates. This study focused on the shoreline-change linear regressions rate (LRR) and statistics of 

both the wet/dry MSL shoreline and the back-beach shoreline. Using the intersection locations of the 

shorelines along each transect, a history of shoreline positions relative to the historical T-sheet baseline 

were calculated to examine temporal movement of the shoreline. The intersection of the 50-m transects 

and the individual wet/dry shorelines for each year were then used to calculate shoreline orientations. At 

the intersection points of the wet/dry shoreline and the transect lines, a straight line was drawn between 

transects, and an azimuth angle of this intersecting line was calculated in ArcGIS. By adding 90 degrees 

to this azimuth angle a shore normal or perpendicular angle to the shoreline was created. Shoreline 

orientations were filtered to exclude all transects in front of shore-parallel protection structures, at rocky 

outcrops, and near creek and river mouths to reduce the noise associated with inlet dynamics and abrupt 

or artificial changes in the shoreline. 



 22

Beach widths were measured for individual years, by setting the back-beach reference feature to 

one year after the date of the wet/dry shoreline, so that the end-point rate calculation in DSAS actually 

measured the beach width. Tide corrections were then applied to the beach widths following 

measurement with DSAS. Beach-width changes were calculated by subtracting the older beach widths 

from the more recent year at each transect. For example, to calculate the long-term changes between 

1929 and 2006, the 1929 beach width (for example, 30 m) was subtracted from the 2006 beach width 

(for example, 20 m) so that any negative change would indicate beach narrowing (for example, 20 m - 

30 m = -10 m).  

Beach-width measurements and the average beach slopes used in the tide-level corrections were 

multiplied to calculate sand volumes above MSL per transect (m3/m). Transect volumes were then 

multiplied by the 50-m transect spacing and summed alongshore to provide a total volume for a length 

of shoreline. A sensitivity analysis examined the difference in beach volumes calculated using the range 

of beach slopes.  The use of maximum and minimum (1:10 and 1:23 respectively) beach slopes in the 

volume calculation led to worst-case volume differences on wide beaches of up to ±  23 m3/m compared 

to volumes obtained using the average summer beach slope. 

Lidar and GPS Surveys 

More recent applications of high accuracy, topographic Lidar data coupled with historical air-

photo analyses enables rapid assessment of long stretches of coastline and provides additional 

information on beach volumes and regional shoreline changes caused by extreme storm events (Revell 

and others, 2002; Sallenger and others, 2003). To document changes caused by the 1997-98 El Niño 

event, NOAA, NASA, and the USGS partnered to conduct pre- and post-storm Lidar surveys along the 

Pacific coast in October 1997 and April 1998 (Sallenger and others, 1999). An additional Lidar data set 
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was collected in October 2005 by the University of Texas, in collaboration with the USGS, UCSC, and 

BEACON. 

Lidar data sets were processed to extract a MSL contour and the back-beach reference feature by 

using visual cues in cross-shore profiles, slope, and hillshade layers. These two reference features were 

included in the beach-width change analyses, and the 1997 and 2005 MSL contours were included in the 

shoreline-change analyses. Subaerial beach volumes (above MSL 0.83 m) were calculated and reported. 

Changes between the various data sets were calculated by differencing the Lidar grids, showing the 

spatial extent of the changes between time periods. 

Uncertainties and Errors 

The use of air photos for accurate shoreline-change assessments requires an understanding of 

potential error sources. Errors inherent in air-photo interpretation can be broken down into (1) source 

error, (2) interpretation error, and (3) short-term natural variability errors (Morton and Speed, 1998). 

Source error results from photo distortion, scale, and scanning errors (Moore, 2000). Interpretation 

errors come from difficulty in locating shoreline reference features. Short-term variability errors arise 

from seasonal changes in beach profile and variations in water levels and wave run-up elevations that 

change the location of the shoreline reference features (Morton and Speed, 1998; Ruggiero and others, 

2003). The use of historical T-sheets also introduces another level of uncertainty. Recent studies have 

shown that there is a systematic offset of MHW seaward when compared to HWL-derived shorelines 

(Ruggiero and others, 2003; Hapke and others, 2006; Moore and others, 2006). This offset varies 

depending on beach morphology, especially slope, but is tied primarily to water levels which are 

comprised of both tide-level and wave run-up components (Ruggiero and others, 2003; Moore and 

others, 2006).  
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Error estimates for the identification and absolute spatial location of the shoreline reference 

features associated with shoreline-change analysis are, ± 9.7 m, and ± 9.3 m for the early 1929 and 1938 

photography, respectively, based on a quadrature, or sum of squares method (Hapke and others, 2006). 

More recent photography scanned at a higher resolution provides lower spatial errors on the order of ± 7 

m (table 2.2). Errors reported in table 2.2 are an average root mean square (RMS) error of all photos 

used in the flight line and relate to the spatial accuracies associated with the reference features.  

To reduce the errors associated with the use of historical T-sheets, given the lack of availability 

of historical wave data, an elevation correction of 0.46 m was applied to adjust the HWL to MHW based 

on estimates of average horizontal offsets found along Texas and Maryland coasts with similar beach 

slopes (Morton and Speed, 1998; Hapke and others, 2006). Additionally, another vertical offset of 0.45 

m was applied to adjust the MHW shoreline to MSL based on the tidal records available from Santa 

Barbara Harbor. The overall horizontal offset seaward after these vertical adjustments were applied to 

the HWL T-sheet shoreline ranged from 8.3 to 25.4 m with an average of 15.8 m.   

Unlike the shoreline-change analysis that depends on different images and T-sheets, the errors in 

beach-width measurements are spatially independent because both reference features can be seen in 

each image. The maximum potential error in the beach-width corrections associated with choosing one 

tide level and slope for the entire flight is 10.6 m, assuming a spring tide range (2.3 m) and the most 

dissipative mean summer slope (2 degrees). The tidal records show, however, that none of the photo 

flights was conducted during the maximum spring tide fluctuations, making this most likely an 

overestimate of the magnitude of beach-width error.  Beach-width errors resulting from the use of a 

mean summer beach slope for all of the photos were examined by calculating beach-width corrections 

using the range of historical beach slopes through all seasons. The largest difference in beach-width 

corrections using the minimum versus maximum historical beach slope and the maximum water level 
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adjustment for a given year was 29.2 m. However, because the photos were selected from summer and 

fall, the use of a mean summer beach slope should reduce the potential errors from the use of a single 

slope.  

Lidar data sets from the 1997-98 flights have been reported to have accuracies on the order of 1 

m in the horizontal, and ± 15 cm in the vertical (Sallenger and others, 1999, 2003). However, the 2005 

Lidar flight reports a vertical error of only ± 7 cm, and comparison with survey grade control points 

gathered in Carpinteria at the end of Linden and Ash Avenues coincident with the Lidar flight shows 

that the mean vertical error of 325 co-located points (within 0.5 m) is only 0.5 cm (Barnard and others, 

2007). Comparison of control points in the 2005 Lidar and the 1997-98 flights shows a systematic offset 

of < 4 cm. 

Correlation of Dredge Volumes and Beach Volumes 

Given that alongshore transport in the SBLC is nearly unidirectional, there is an expected 

correlation between the various beach widths and the volumes of sand dredged at the Santa Barbara and 

Ventura Harbors. To examine this relationship, a lagged cross-correlation analysis was conducted 

between the harbor dredge records compiled from the USACE and Patsch and Griggs (2007; fig. 2.2), 

and the summer/fall beach-width data set for the coastline from Ellwood Beach to the Ventura Harbor. 

Prior to the analysis, modifications of the two data sets were necessary.  First, the Santa Barbara Harbor 

dredge record was interpolated during the early years (1930s to 1960s) during the sporadic dredge 

operations. The dredge data was smoothed using a moving average between the existing volume 

records, producing a continuous time series of dredging. The summer/fall beach-width record, 

consisting of various numbers of records at each beach, collected by using the methods discussed above, 

was also smoothed using linear interpolation to create a continuous time series. The final alteration to 

the beach-width data set was the assumption that beach widths were reduced significantly following the 
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especially energetic 1982-83 and 1997-98 El Niño events, with similar reductions following both 

events. A lagged cross-correlation was then performed to examine potential transport times between 

changes in beach widths and volumes of sand dredged from the harbors. 

Results 

Beach Widths 

The primary research objective was to examine the long-term changes in beach widths to 

ascertain whether the beaches have narrowed over time and supplied sand to the harbor dredge records, 

masking the reduction in fluvial-sand supply (Runyan and Griggs 2003; Willis and Griggs 2003). Figure 

2.3 shows long-term beach-width changes relative to the 2005 beach widths. Overall, there is not a 

uniform narrowing of beach widths across the study area. It is important to note that this end point 

beach-width change analysis does not capture the oscillations in beach width that have been previously 

documented (Revell and Griggs, 2006; fig. 2.4)  

The beach widths in the study area have varied widely throughout the more than 70-year aerial 

photographic time series (fig. 2.5). By examining the beach-width envelopes, two types of beaches can 

be identified—stable beaches and storage beaches. A stable beach maintains a consistent minimum 

beach width, and a storage beach is one that exhibits natural variability but occasionally has a zero 

minimum beach width. Stable beaches (for example, Ellwood, Hope Ranch and Carpinteria) provide 

good locations to examine storm impacts and to observe pulses of sand moving along the coast.  Storage 

beaches have the capacity to store sand and may make better locations for potential nourishment 

projects. An example of a potential storage beach is UCSB, a beach that reached maximum widths 

(>150 m) in the 1960s and 1970s (Revell and Griggs, 2006), but has also been completely removed at 

times (fig. 2.4). 
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The beach-width envelope results demonstrated in figure 2.5 divide the study area into two parts 

based on the location relative to the Santa Barbara Harbor. The updrift beaches to the west of the Harbor 

(toward Ellwood) face more southward and exhibit a wider range of beach widths, with minimum 

widths following either the 1982-83 or 1997-98 El Niño event. The maximum widths for most of these 

beaches were reached in the 1970s. Current beach widths are similar to those found in the 1930s and 

1940s for most of the study area.  

The beaches downdrift of the harbor (toward Carpinteria and Pierpont groins) have smaller 

ranges of beach widths and are primarily armored shorelines (fig. 2.6). The minimum widths do not 

follow El Niño events, and maximum widths along this stretch do not fit any obvious pattern, although 

the lack of photo sets available prior to railroad completion in 1901 (we didn’t have airplanes yet for 

aerial photos), extensive armoring, and highway expansion limit the analysis.  

The largest beach-width changes in this study area result from transportation and engineering 

projects. The greatest widening and narrowing both resulted from the construction of the Santa Barbara 

Harbor in 1928. West Beach, immediately downdrift of the sand bypass, widened by ~150 m, while 

Carpinteria around Sand Point and the inlet to Carpinteria Salt Marsh showed the greatest beach 

narrowing (-138 m). Other large beach widening (>100 m) has occurred at the Pierpont groins in 

Ventura and at Ledbetter Beach due to sand impoundment updrift of the Santa Barbara Harbor (>50 m). 

Ellwood Beach is uniquely situated, facing west into the dominant wave direction, and is the only 

natural dune-backed shoreline remaining in the study area. Large beach narrowing has occurred at 

Goleta Beach (-50 m) as a result of the construction of the Santa Barbara airport and the loss of tidal 

prism at Goleta Slough (Revell and Griggs, 2006).  
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Beach Widths and Shoreline Orientations 

Due to the irregular shape of the coastline and the near uniform wave direction, wave exposure 

varies greatly depending on shoreline orientation. Oscillations observed in the long-term beach-width 

change analysis (for example, fig. 2.4) are related to changes in the shoreline orientations that partially 

control beach widths due to exposure to wave attack (fig. 2.7). The shoreline-orientation results indicate 

that the most stable and widest beaches are those found facing SSW (255 to 210 degrees) and SSE (165 

to 150 degrees). The narrowest beaches are found facing nearly due south (210 to 165 degrees), with the 

exception of the beach created at the end of the Santa Barbara Harbor dredge-discharge site (180 

degrees). The shoreline-orientation analysis also demonstrates the impacts of cross-shore littoral barriers 

(for example, groins, jetties) across the study area through time.    

While air photo data from the pre-harbor construction era are sparse, it appears from historical 

oblique photos that most of the beaches were relatively narrow.  In the 1940s (data from 1943 for the 

area west of harbor and from 1947 for the area east of harbor), the beaches remained relatively narrow 

with the widest being in the east (facing 165 to 150 degrees) as a result of Santa Barbara Harbor 

construction and the trapping of sand to form the updrift Ledbetter Beach. Wide beaches in the west 

were found in the dunes of Ellwood Beach (facing 255 to 235 degrees). By 1975, a series of engineered 

groins were constructed at Pierpont creating wide beaches near Ventura, facing 225 to 215 degrees.  The 

beaches in 1975 were generally wide, and the southeast facing (105 to 120 degrees) UCSB storage 

beach  reached its maximum width. After the 1982-83 El Niño, the beach at UCSB was eroded ~100 m 

(Revell and Griggs, 2006). Throughout 1994 and 2001, beach widths continued to widen as they 

recovered from the 1982-83 El Niño and, despite the large 1997-98 El Niño, most of the beaches 

remained relatively wide in 2001.  
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Shoreline Changes 

Linear regression shoreline-change rates were calculated for both the wet/dry shoreline proxy 

and the back-beach reference features at each transect along the entire study area (tables 2.2 and 2.3; fig. 

2.8). The average change trend along the 70-km study area for all reference features is accretion. During 

the time period between 1929 and 2005, the wet/dry shoreline proxy accreted about 16 cm/yr, while the 

1869 to 2005 time period showed accretion of 8 cm/yr. During the 1929 to 2005 time period, the back 

beach also accreted at an average rate of 10 cm/yr (table 2.2). The change rates summarized in table 2.2 

do little to describe the smaller spatial patterns and trends associated with the different shoreline 

segments (figs. 2.8 and 2.9).  

In the entire study area, the highest shoreline-erosion rates occur near Sandyland at the inlet to 

Carpinteria Salt Marsh, and north of the entrance to the Ventura Harbor, with both rates greater than -2 

m/year (fig. 2.8). Maximum accretion rates are a direct result of engineered structures, with the 

construction of the Santa Barbara Harbor and the construction of the oil-processing facilities and 

highway expansion at Oil Piers resulting in accretion rates of >2.5m/yr (fig. 2.8; table 2.3A). Significant 

linear regressions (r > 0.7) shown in figure 2.9 highlight the spatial locations of erosion hotspots and 

accretion for each reference feature. Persistent erosion can be seen along Isla Vista, Sandyland, 

Carpinteria, Pitas Point, and north of the mouth of the Ventura River. Significant accretion trends can be 

seen both updrift and downdrift of the Santa Barbara Harbor and along Oil Piers and the Pierpont 

Groins (fig. 2.9).  

Many of the differences in shoreline changes between the back beach and the wet/dry (and T-

sheet) shorelines can be attributed to the presence of shoreline armoring (fig. 2.10; table 2.3B). The 

various shoreline protection structures were separated into shore-parallel (seawalls, revetments) and 

cross-shore (groins and breakwaters) categories to examine the relative effect on the associated 
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shoreline of different types of structures. Table 2.3b shows that cross-shore structures are more effective 

at moving the wet/dry line seaward, with accretionary-change rates around 50 to 70 cm/yr. Shore-

parallel structures, including revetments and seawalls, seem more effective at advancing the back beach, 

with average accretion rates for the study area around 23 cm/yr, while the MSL shoreline only accreted 

at 12 cm/yr. 

 A closer spatial examination of significant regressions (r > 0.7) shows that in several cases, 

there are differences in rates between the back beach and the wet/dry reference features (figs. 2.9 and 

2.10). Of particular interest to current management decisions are the accretion of the back beach at 

Goleta Beach and Carpinteria that correspond to a significant erosion trend of the wet/dry shoreline. 

This combination will be exacerbated by sea level rise leading to an eventual loss of beach. In contrast, 

at the two back-beach accretion locations (near Arroyo Burro and Padaro Lane—fig. 2.10), the back 

beach is dominated by large seacliffs whose failure is characterized by large mass wasting events. 

Despite their lack of armoring, these locations show accretion, indicating that as these cliffs fail the 

material remains, resulting in accretion of the back beach. In contrast, Ellwood, the only remaining 

natural dune-backed beach in this study area, has shown significant erosion of the back beach (figs. 2.9 

and 2.10), while the wet/dry shoreline has accreted (fig. 2.3). 

The application of a beach-width methodology to the study of Santa Barbara and Ventura 

County beaches permits an examination of both the foreshore and the backshore, as well as the shape of 

the beach over time. Along an unarmored beach, given a steady supply of sand, widths should stay 

relatively stable over the long term, with the beach migrating landward or seaward depending on 

changes in sea level. In this case, shoreline-change rates for both reference features should be similar. 

As can be seen in table 2.4, significant correlations exist between the change rates calculated for the 

various reference features, indicating a coupling of the shoreline response. The strongest correlations are 

found along unarmored stretches of shorelines (table 2.4). In areas of no structures, the “natural” 
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shoreline-change rates show the back beach and the wet/dry line having similar rates of erosion—

around 2 to 3 cm/yr (table 2.3b). The similarity in rates can be expected because as the wet/dry shoreline 

erodes, the back beach should erode at about the same rate, maintaining a stable beach width. This 

similarity in rates provides some evidence that there has not yet been a large-scale reduction in sediment 

supply. Several case studies demonstrate the benefits of incorporating a beach-width methodology into 

the shoreline-change analyses. 

 

Case Study: Carpinteria Erosion  

Breakwater construction and sand impoundment at the Santa Barbara Harbor led to a well- 

documented erosion wave that impacted downcoast (southeast) beaches (Komar 1998, Wiegel 2002, 

Barnard and others 2007, Revell and others, 2008; fig. 2.11). Downdrift beaches at Sandyland and 

Carpinteria were impacted significantly. At Carpinteria, a recurring erosion hotspot requires regular 

beach maintenance and periodically threatens oceanfront property during large storm events. Using a 

combination of historical air photos, Lidar data, and physical measurements, historical shoreline and 

beach-width changes were analyzed for the last 138 years. The initial erosion wave dramatically 

reduced beach widths by about 50 m (fig. 2.12). The long-term beach-width and shoreline-change 

analyses show preferential erosion (-0.35 m/yr) at the west end of Carpinteria and accretion in the east 

(0.3 m/yr) (fig. 2.13). The net result has been a clockwise beach rotation with the updrift west end 

narrowing ~50 m while the downdrift east end of the beach has widened about 40 m during the same 

time period.  

El Niño storm impacts from the 1982-83 and 1997-98 El Niño seasons have a similar west-end 

erosion and east-end accretion pattern that matches the overall trend in the long-term (138-year ) 

shoreline-change analysis, providing evidence that strong El Niños may be driving the long-term coastal 

evolution (fig. 2.14). Following the 1982-83 El Niño, a revetment at the western end of the beach was 
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constructed. Analyses following the 1997-98 El Niño showed that the 1997-98 El Niño erosion hotspot 

shifted downdrift onto the City of Carpinteria beach (fig. 2.14).  

Seasonal b each-width change analy ses show th at the sea sonal cyc lical pattern is a  system atic 

retreat of the shoreline and narrowing of the beach width by about 20 m. The seasonal analyses show an 

erosion hotspot at the end of the revetment that is evidenced by increased narrowing of the beach width 

and loss of  sand volu mes (f ig. 2.15). During  the se asonal surv eys, rela tively lo w wave condition s 

dominated, with changes to the nearshore and beach occurring above 5 m water depth. Tidal currents are 

relatively lo w (<20 cm/sec)  and n ot of  suf ficient v elocity to m ove the co arse-grained se diment 

alongshore (Barnard and others, 2007). 

Sediment sampling shows that there is a seasonal  coarsening of sediment s in the winter and a  

fining in the summer. There is alongshore variability in the winter coarsening pa ttern with the c oarsest 

materials co-located with the erosion hotspot seen in the El Niño storm impacts and the seasonal beach-

width changes (fig. 2.16; Barnard and others, 2007).  

Finally, a s ignificant lag correlation analysis, with a peak lag of 4 years, indicates that m ost of 

the sand dredged from Santa Barbara Harbor arrives on the beaches of Carpinteria after 4 years and may 

continue to supply the beaches for up to 10 years (Barnard and others, 2007; Revell and others, 2008).   

The consistent pattern of shore line rotation is visible in beach response to both m ajor El Niño 

events and in the long-term  shoreline-change data, suggesting that El Niños m ay be playing a role in 

driving the long-term  coastal evolution. However, th ere are several complicati ng factors in Carpinteria 

associated with the erosion wave due to harbor  construction, ongoing dredging, and shoreline armoring. 

These com plications req uire us  to exam ine another beach to assess the El Niño pattern of shoreline 

rotation.  
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Case Study: Hope Ranch  

To better understand the relationship between shoreline reorientation patterns and storm 

responses, we examined a less altered beach. Hope Ranch is a stable, bluff-backed beach downdrift of 

Isla Vista and Goleta Beaches and updrift of the Santa Barbara Harbor (fig. 2.1); it can be characterized 

as having a relatively narrow range of beach widths (~25 m) and is notable for its lack of shoreline 

armoring (fig. 2.6). Hope Ranch thus can provide additional insight into patterns of long-term and storm 

changes, as well as sediment transport along this portion of the coast. 

The 70-year long-term shoreline change of both the wet/dry and back-beach shoreline show 

similar rotation patterns to the shoreline changes observed at Carpinteria, with updrift erosion rates 

greater than those at the downdrift end (fig. 2.17). This erosion-rate pattern results in a subtle 

reorientation of the coast, similar to the pattern seen in Carpinteria (fig. 2.12). At Hope Ranch, the lack 

of armoring results in both the back beach and wet/dry shoreline showing similar reorientation patterns, 

with the back-beach rates slightly smaller. The Hope Ranch beach response to the 1982-83 El Niño was 

similar to that seen in Carpinteria, with erosion at the west end of nearly 50 m and much less erosion at 

the east end (~ 10 m) (fig. 2.17B). The similarity in shoreline changes and beach response at Hope 

Ranch and Carpinteria suggests that the complicating factors of harbor influences and shoreline 

armoring at Carpinteria are not the causes of the changes, and provides additional evidence that large 

storm events, particularly those associated with strong El Niño events, may be playing a major role in 

shaping the beaches along the Santa Barbara coast. 

Sand Transport and Lag Correlation Analyses 

To understand how sand is transported along the Santa Barbara coast, several analyses were 

conducted. First, observations of the pulse of sand eroded from UCSB during the 1982-83 El Niño event 

were examined.  Second, lag correlations between the beach widths and the sand volumes dredged from 
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both Santa Barbara and Ventura Harbors were examined to better quantify the transport times to and 

from various beaches to the harbors. 

The 1982-83 El Niño event reduced the beach width at UCSB by ~75 m and the volume of sand 

by ~385,000 m3 (-109 m3/m; Revell and Griggs, 2006). Santa Barbara Harbor dredge records from 

1993-95 show an increase in the volume of dredged material (~450,000 m3) above long-term average 

rates (~230,000 m3/yr) that is of a similar magnitude to that eroded from UCSB and Goleta Beaches 

(~385,000 m3).  Given the unidirectional alongshore transport and estimates for migration rates of sand 

pulses and erosion waves of ~1.7 km/year (Bailard and Jenkins, 1982; Wiegel, 2002), this sand would 

have to have been transported downcoast along the beaches of Hope Ranch (~7 km) and Ledbetter (~14 

km) before being deposited in Santa Barbara Harbor. By examining the transport of this sand volume at 

each transect and the total volumes for the two stable beaches along this relatively unaltered coastline, 

we can better understand the transport dynamics (fig. 2.18). 

Immediately following the 1982-83 El Niño event, beach widths and volumes along the segment 

of coast between UCSB and Santa Barbara Harbor were significantly reduced. Between 1983 and 1986, 

some recovery occurred from storm rotation, but sand volumes did not increase significantly (fig. 2.18). 

However, by 1989 there was significant beach accretion at Hope Ranch and counter-rotation at the 

eastern end of the beach that coincided with the expected arrival time of the sand pulse from UCSB and 

Goleta beaches (fig. 2.18). Sand eroded from Hope Ranch by the 1982-83 EL Niño event probably 

arrived at Ledbetter Beach in 1989, while by 1994 the pulse of sand had passed Hope Ranch and the 

eastern end of the beach rotated westward. At Ledbetter Beach, beach volumes that had been increasing 

steadily since the 1982-83 El Niño event reached their maximum of more than 400 m3/m in 1994. While 

the stable beaches at Hope Ranch and Ledbetter show oscillations in beach volume, the beaches in 

between show relatively little change during the migration of this sand pulse. 
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Considering that the beaches between Hope Ranch and Ledbetter did not accrete significantly, 

we can examine the total beach volumes above MSL for these two beaches to try to detect the sand 

pulse (fig. 2.18B). The pulse can be seen moving on the beach at Hope Ranch in 1989, which then 

decreases in width by 1994, while Ledbetter continues to accumulate sand on the beach until 1994. The 

sand volumes at both beaches are about equal in 1989, suggesting that the sand at Hope Ranch pre-

1982-83 El Niño migrated downdrift to Ledbetter beach. The increase in beach volumes above MSL 

between 1983 and 1989 (~200,000 m3) at Hope Ranch and Ledbetter and the magnitude of sand lost 

from UCSB Beach and Goleta beaches (~385,000 m3) are different. Since the beaches between the two 

beaches did not accrete significantly, and assuming that the beach slopes did not change significantly, 

the implication is that some of the sand was deposited offshore and moved alongshore below MSL. 

The lag-correlation analyses yielded some significant results, however, the sporadic air photo 

record (table 2.1) and the resulting need to interpolate data for years with no photos creates some 

uncertainty in the results, so the calculated transport times must be considered only as approximations. 

In general, the beaches around Isla Vista and Carpinteria that had the most shoreline data had the most 

significant correlations. Beach widths at Ellwood, Isla Vista, UCSB, and Goleta were all significantly 

correlated with each other at the 5 percent level (95 percent confidence interval). Significant lag times 

indicate that transport between those beaches, as measured through beach width changes, ranged from 

2-5 years. UCSB beach widths were significantly correlated, at the 0.02 percent level, with the Santa 

Barbara Harbor dredge volumes at a peak lag time of 5 years. This correlation was significant at the 5 

percent level for lag times from 2-7 years. Downdrift of the Santa Barbara Harbor, beach widths at 

Sandyland and Carpinteria were both significantly correlated with Santa Barbara Harbor dredge 

volumes. The peak lag time for Sandyland was at 9 years, matching the arrival time of the erosion wave 

following harbor construction. A secondary peak at Sandyland matched the 4-year lag-time result at 
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Carpinteria, which was significant at the 0.1 percent level. The significant 4-year lag between beach 

width changes at Carpinteria matches the lag estimated by Barnard and others (2007) based on changes 

in Carpinteria beach volumes and Santa Barbara Harbor dredge volumes. At the downdrift end of the 

study area, beach widths at San Buenaventura and the Pierpont groins were correlated with the Ventura 

Harbor dredge records with lags of 1-3 years that were significant at the 2 percent level. Finally, a lag 

correlation analysis comparing the Santa Barbara and Ventura Harbor dredge records did not produce 

any statistically significant relationships.  

Discussion 

Beach Width 

A beach-width methodology, when used in conjunction with shoreline-change analyses, 

provides information on the shape of the beach, response of the beach to storm events, and additional 

information for assessing changes in beach volumes. The motivation for selecting a beach-width 

methodology was to determine if there was a long-term narrowing of the beaches that could explain the 

discrepancy between a sediment-supply reduction (Runyan and Griggs 2003; Willis and Griggs, 2003) 

and the relatively stable long-term average dredge volume recorded at Santa Barbara Harbor (Patsch and 

Griggs, 2007). The endpoint beach-width change analyses did not identify any systematic long-term 

narrowing that could be attributable to sediment-supply reductions. Because the harbor plays a role in 

regulating beach widths downcoast, we would not expect to see narrowing downcoast without first 

finding a drop in the harbor dredge records—unless there was substantial sediment coming into the 

harbor from the east such as that described by Bailard (2007). An endpoint analysis is susceptible to 

extremely wide or narrow beach widths at either one of the two reference points in time, although it 

seems most likely that the photo sets were obtained at intermediate beach conditions which prevail most 
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of the time. Due to the prevalence of narrow beaches with widths near zero, beach-width narrowing 

would best be detected at stable beaches. There is also some evidence of beach-width narrowing 

occurring at Hope Ranch, where long-term shoreline-change rates differed between the back beach and 

wet/dry shorelines. The difference would result in long-term narrowing of the beach, but back beach and 

wet/dry shoreline-change rates did not differ in a consistent way across the study area. Another 

possibility exists in this alongshore-transport dominated system—that a sediment-supply reduction 

would not manifest as a systematic narrowing of beaches, but rather as a rotation with the updrift 

beaches narrowing more than the downdrift ends of beaches. There is some evidence of rotation at 

Carpinteria, Hope Ranch, and Isla Vista, but the data are not sufficient to determine whether rotation 

alone can explain the apparent mismatch between sediment supply to the SBLC and beach response. 

Current modeling efforts by the USGS and the University of Florida may provide additional insights in 

this area. 

The limited findings supporting a beach narrowing updrift of the harbor must be interpreted 

cautiously because the reductions were only slightly larger than the uncertainty in the beach-width 

analysis (±  5m). Regional analyses were complicated by the limited availability of air photos early in 

the record and the irregular spacing in time (1929, 1938, 1943, and 1947). Further complicating the 

analyses were beach changes associated with a variety of human alterations that pre-dated air photos. 

Ideally, a set of air photos taken at a lower tide during the late summer, prior to railroad construction 

(circa 1900), and a 1928 set (before harbor construction) would be used with the existing photo sets to 

better examine the question of long-term narrowing. The use of historical T-sheets is not applicable for 

beach-width analyses due to the lack of a delineated back-beach feature and the artistic license in the 

1870s maps. 
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Shoreline Changes 

Shoreline-change rates calculated for the wet/dry shorelines in the study area are comparable to 

the long-term average erosion and accretion rates calculated by Hapke and others (2006). The short-

term rates calculated by Hapke and others (2006) are near the minimum/maximum erosion/accretion 

rates calculated in this study. However, the short-term rates seem on the high side given that very few of 

the rates determined in this study were greater than 1.0, or less than –1.0 m/yr. The short-term results in 

Hapke and others (2006) may have been biased by the dates chosen for the end-point rate analyses, with 

the first date in the 1970s occurring at a time when many of the beaches were at their maximum width, 

while the 1998 Lidar data was collected following a major El Niño storm event that narrowed beaches 

significantly. These endpoints thus may have resulted in unusually high values for short-term erosion 

rates. More recent studies that used 2005 as the recent endpoint documented recovery of most of the 

beaches affected by the 1997-98 El Niño event (Barnard and others, 2007; Revell and others, 2008).  

The shoreline-change rates in this study were based on linear-regression analyses that assume 

that the documented shoreline changes can be explained based on a linear relationship. As has been 

documented in Revell and Griggs (2006) and in this present study, many of the study-area beaches 

actually have oscillated throughout the historical record, indicating that a more robust technique capable 

of dealing with changes in signs and rates over time may yield additional insights into beach dynamics 

in the SBLC.    

Human Alterations 

Although the long-term beach-width change analysis did not reveal any systematic long-term 

narrowing attributable to sediment-supply reductions, the analysis did reveal a pattern of beach 

narrowing attributable to shoreline armoring. In the 70 km study area, 60 percent (42 km) of the 

shoreline was armored with a variety of revetments and seawalls. Along these armored sections, 
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accretion of the back beach and erosion of the wet/dry shoreline illustrate the effects of placement loss 

and passive erosion (Griggs, 2005). These two effects dominate the large-scale pattern of beach-width 

changes. Another ten kilometers (14 percent) of the shoreline is altered by groins, breakwaters, or other 

littoral barriers. These areas showed accretion of the wet/dry shoreline and a relatively stable back 

beach.  With high rates of littoral transport, the cross-shore structures are effective at increasing beach 

widths, while shore parallel structures, such as revetments and seawalls, have resulted in placement loss 

and passive erosion, reducing beach widths. Once a structure fixes the back beach and the placement 

loss occurs, the rate of back-beach shoreline change becomes irrelevant (fig. 2.5), however the beach-

width methodology can provide a tool for coastal managers interested in quantifying and assessing the 

cumulative impacts of shoreline armoring on broad spatial scales. 

At smaller spatial scales, differences between accretion of the back beach and erosion of the 

wet/dry shoreline could be used to identify locations of placement loss and passive erosion, while 

changes associated with intervals when shoreline armoring was emplaced could be used to examine 

active erosion and the location of erosion hot spots at more site-specific scales. For instance, the shift in 

the 1982-83 and 1997-98 El Niño erosion hotspots in Carpinteria coincided with the construction of the 

revetment and may be evidence that active erosion and flanking erosion is occurring at the end of the 

structure. 

Beach-width envelopes (minimums and maximums) helped to identify locations of stable 

beaches—those with greater minimum widths, and storage beaches—those that exhibit extreme natural 

variability in widths and thus could potentially be good candidates for beach nourishment. Stable 

beaches were critical to identify because they provide a natural control for examining sediment-

transport dynamics along the coastline, as well as the coastal response to storm events. Minimum beach 

widths showed a distinct difference between beaches updrift of the Santa Barbara Harbor and those 
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downdrift. Updrift beaches were narrowest following the major El Niño events of 1982-83 and 1997-98, 

while downdrift beach widths were not obviously linked to major El Niño events. Although the apparent 

decoupling may partially be explained by limitations in the available photo coverage, it also seems 

likely that the Santa Barbara Harbor regulates beaches downdrift, much like a dam regulates river levels 

downstream.  

Storm Event Responses 

Beach-width responses to large El Niño events match the long-term shoreline-change patterns of 

shoreline rotation at both Carpinteria and Hope Ranch beaches. The air photos available to examine the 

effects of the 1982-83 El Niño event at both beaches are not ideal and were obtained several years after 

the event; however, the similarity in patterns between beaches, and between El Niño events, is striking. 

If the beach conditions at Carpinteria in 1989 were the result of the 1982-83 El Niño event, then the 

1982-83 event had a longer-lasting impact on the coast than did the 1997-98 event. The similarity in 

beach responses along these west-facing beaches to the two major El Niño events suggests that there 

may be a predictable pattern of El Niño storm response, in which beach widths are reduced by more 

than 50 percent and beaches rotate clockwise. This knowledge could be useful to coastal managers and 

emergency responders tasked with deciding where, and for how long, they should permit emergency 

structures, build sand berms, or nourish beaches. 

Sediment Transport and Lag Correlations 

While several authors have estimated sediment pulse migration rates in the SBLC at ~1.7 km/yr 

(Bailard 1982; Barnard and others, 2007; Revell and others, 2008), the physical response of beaches 

during pulse migration has not been well characterized. The lag correlation results obtained in this study 

suggest migration rates that may be twice as fast or more—on the order of several km/yr. It is likely that 
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sediment transport along this coast is extremely episodic, with much of the annual transport occurring 

during the few largest storm events of the year. During calmer years, sediment transport would likely be 

reduced compared to energetic years with more frequent and severe storm events. 

The erosion of a large sand volume from UCSB and Goleta Beaches following the 1982-83 El 

Niño event provided an opportunity to examine sediment transport. The beach-volume changes and 

observations of pulse effects at both Hope Ranch and Ledbetter beaches indicate that sand does travel as 

a relatively cohesive pulse (Hicks, 1985), but the pulse is only detectable at stable beaches and not along 

the entire length of shoreline. Visibility of the pulse in specific areas may be related to gradients in 

alongshore transport, or to shoreline orientation. The volume of sand lost from UCSB and Goleta 

beaches can be accounted for in dredge records at Santa Barbara (fig. 2.2), but cannot be entirely 

accounted for in beach volumes (above MSL) between these sites, indicating that a significant portion of 

the alongshore transport occurs offshore. The lag-correlation analyses provided some additional insights 

into sand-transport timing from various beaches to harbors; however, the sporadic air photo record 

limits the utility of this approach in forecasting arrival times of sand on downcoast beaches.  

The lag correlation between the Santa Barbara and Ventura Harbor dredge records was found to 

be not significant. Several possible explanations could account for this finding. One explanation could 

be that travel times exceed the lengths of the time series (75 years at Santa Barbara versus 44 years at 

Ventura). Another potential explanation is that there are several steep coastal creeks, and the Ventura 

River, along the 40-km stretch between the harbors. Sediment inputs from these sources may mask 

significant correlations. Finally, the close proximity of the Santa Clara River to the Ventura Harbor, and 

the potential for sediment transport reversals in the Ventura area, could complicate interpretation of the 

Ventura Harbor dredge records. Overall, while the analyses performed in this study may facilitate 

regional sediment management (for example, nourishment locations) and should provide a better 
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understanding of cumulative impacts of human alterations on beaches (for example, habitat loss, 

placement loss), most of the management decisions directly affecting long-term beach widths (for 

example, setbacks, flood control) and recreational and economic opportunities happen at smaller scales 

that will require an understanding of regional and local processes to minimize impacts.  

Conclusions 

• No systematic narrowing of beach widths was found in the end point beach-width changes as 

was hypothesized to be associated with a reduction in sand supply. Instead, beach widths have 

oscillated during the 75-year record. 

• Updrift of the Santa Barbara Harbor, minimum beach widths were closely related to the strong 

El Niño events of 1982-83 and 1997-98. Downdrift of the harbor, beach widths did not follow 

this El Niño pattern, suggesting that the harbor was regulating beach widths downdrift similar to 

a dam regulating water levels downstream. 

• Beach-width envelopes provide strong evidence for stable beaches and could help in refining the 

current beach-monitoring program. 

• The greatest narrowing of beach widths occurred (1) near Carpinteria—caused by sand 

impoundment by the construction of the Santa Barbara Harbor; (2) by Ventura Harbor–caused 

by the breaching of the beach to form the harbor; and (3) at Goleta Beach—due to the 

construction of the Santa Barbara airport and the loss of tidal prism at Goleta Slough. 

• The greatest widening of beach widths occurred immediately updrift of Santa Barbara Harbor 

(>200 m) as a result of sand impoundment by the breakwater, and at the groin field in Ventura 

where beach widths widened by >100 m. 
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• The greatest changes to the shoreline resulted from large erosion events such as the 1982-83 El 

Niño and from the erosion wave associated with the construction of the Santa Barbara Harbor 

breakwater. 

• Analyses of natural beach widths and shoreline orientation demonstrate that the west-facing 

beaches of Ellwood (255-240 degrees) were the most stable, with beach widths ranging from 25 

to 75 m. The east-facing beaches (120-105 degrees) were the most variable, ranging from 0 to 

150 m in width. South-facing beaches were the narrowest. 

• Beach-width and shoreline-change analyses reveal a pattern of beach narrowing attributable to 

shoreline armoring. Along the 70 km study area, 60 percent (41.9 km) of the shoreline has been 

armored with a variety of revetments and seawalls. Along these armored sections, accretion of 

the back beach and erosion of the wet/dry shoreline illustrate the effects of placement loss and 

passive erosion. 

• From 1929 to 2005, shoreline-change analyses reveal a study-area-wide accretion pattern of 10 

cm/yr for the back beach and 16 cm/yr for the Mean Sea Level shoreline. From 1860 to 2005 the 

Mean Sea Level shoreline accreted at a rate of 8 cm/yr. 

• Shoreline-change analyses show that accretion is associated with shore-protection structures, 

with cross-shore structures (for example, groins, jetties) accreting the wet/dry shoreline by 

trapping sand and shore-parallel structures (for example, seawalls, revetments) building out the 

backbeach and reducing beach widths.  

• Shoreline segments without shoreline armoring show mild erosion of both the back beach and 

wet/dry shoreline of about 2-3 cm/yr. 
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• Carpinteria and Hope Ranch beaches both show El Niño storm-event rotation responses that 

match the long-term shoreline-change pattern. This suggests that El Niño events may be driving 

the long-term coastal evolution. 

• Sand travels alongshore as coherent pulses that are detectable at stable beaches. Evidence of 

alongshore sand movement can be seen subaerially in both erosion and accretion waves, with 

some of the sand transported below Mean Sea Level in the nearshore.  

• Lag-correlation analyses show that the movement of sediment pulses may be faster than 

previously thought, with potential migration rates of several kilometers per year. 

• The beach-width methodology is useful when coupled with shoreline-change analyses for 

examining the cumulative impacts associated with shore-protection structures and the response 

of the shoreline to large storm events. 
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Table 2.1. Specifications of aerial photography. [Spatial errors are the average error for the entire flightline. 
Sources: University of California, Santa Barbara Map and Imagery Library, California Coastal Commission, U.S. 
Geological Survey, and Pacific Western Aerial Surveys] 
 

Year Date Scale 
Isla 

Vista 
Carp-
interia 

Santa 
Barbara Ventura 

Spatial 
error, in 
meters 

1929 NA 15,840  x   9.7 
1938 NA 24,000 x x   9.3 
1943 9/22/1943 20,000 x  x  9.3 
1945 11/13/1945 14,400    x partial 8.7 
1947 8/20 and 8/21/1947 24,000 x x  x 9.3 
1959 11/23/1959 15,600 x x   8.4 
1959 8/22 and 11/5/1959 16,000    x partial 8.4 
1966 9/23 and 10/18/1966 12,000 x x   8.4 
1966 7/5/1966 12,000    x partial 8.2 
1968 7/22/1968 30,000    x 9.2 
1969 10/30/1969 12,000 x x   8.3 
1971 6/1/1971 12,000 x    8.2 
1973 8/23/1973 12,000 x    8.1 
1975 7/29/1975 24,000 x x x x 7.2 
1981 6/15/1981 24,000    x 7.5 
1983 10/26/1983 24,000 x  x  6.1 
1986 10/31/1986 24,000 x  x  6.5 
1989 5/22 and 5/23/1989 24,000 x x x x 6.4 
1992 9/1/1992 24,000    x 6.6 
1994 9/9/1994 24,000 x x x x 5.0 
2001 9/25/2001 12,000 x x x x 6.3 
2003 6/25/2003 6,000 x x   5.4 
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Table 2.2. Summary of historical shoreline-change rates for various shoreline reference features, along with 
associated error estimates. 

 
Shoreline Change   

(m/yr) 

All Transects 

N=1403 

No Structures 

N=613 

Structures 

N=780 

1929-2005 Back Beach .10 ±  .014 .03 ±  .022 .15 ±  .016 

1929-2005 Wet/Dry .16 ±  .013 .04 ±  .021 .24 ±  .016 

1869 –2005 Wet/Dry and T-sheet  .08 ±  .013 -.08 ±  .021 .15 ±  .016 

 

Table 2.3. A, Shoreline-change rates of each reference feature with additional statistics on erosion and accretion 
transects. B, Shoreline-change rates associated with various types of shoreline armoring. “No Structure” sites have 
been additionally filtered to remove inlet-influenced transects. [BB, back beach; WD, Wet/Dry line; and WDT, 
Wet/Dry and T-sheet] 
 

All (n=1403) Erosion Accretion 

A BB WD WDT BB 
(n=667) 

WD 
(n=668) 

WDT 
(n=652) 

BB 
(n=736) 

WD 
(n=735) 

WDT 
(n=749) 

Mean 0.10 0.16 0.08 -0.18 -0.24 -0.18 0.35 0.52 0.30 
Max 2.83 2.58 1.79    2.83 2.55 1.79 
Min -1.33 -2.02 -1.43 -1.33 -3.07 -3.07    

Structure – Parallel 
n=681 

Structure – Cross shore 
n= 99 

No Structure 
n=596 B 

BB WD WDT BB  WD  WDT  BB  WD WDT  
Mean 0.23 0.22 0.12 0.07 0.67 0.47 -0.03 0.02 -0.02 
Max 2.83 2.13 1.79 2.66 2.55 1.71 1.19 1.71 0.43 
Min -1.33 -1.95 -1.38 -0.89 -3.07 -3.07 -1.15 -2.02 -1.43 
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Table 2.4. Correlation coefficients between the various shoreline reference features. [All correlations are significant 
at the 0.1 percent level] 
 
 

Shoreline-change 
correlations (r) 

All transects 
N=1403 

No structures 
N=754 

Only structures 
N=649 

Wet/dry versus back beach 
1929-2005 versus 1929-2005 0.66 0.69 0.43 

Wet/dry & T-sheet versus back beach 
1869-2005 versus 1929-2005 0.46 0.37 0.20 

Wet/dry & T-sheet versus wet/dry 
1869-2005 versus 1929-2005 0.68 0.56 0.53 

 
 
 

 

 

Figure 2.1. The Santa Barbara and Ventura County, California, beaches analyzed for this chapter.   
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Figure 2.2. Santa Barbara (1933-2003) and Ventura (1964-2005) harbor dredge records. Data from Army Corp of 
Engineers, adapted from Patsch and Griggs 2007. 

 
 
 

 
 

Figure 2. 3. Long-term beach-width changes relative to the 2005 beach width. The earliest dates used in the 
calculation vary based on air photo availability (1943 for beaches updrift of Santa Barbara Harbor and 1947 for 
downdrift beaches, except 1929 for Carpinteria and Isla Vista). Negative changes indicate beach narrowing, 
positive changes indicate beach widening. 
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Figure 2.4. An example of beach oscillations around UCSB and Goleta Beaches. Beaches reached maximum 
widths in the 1960s and 1970s while current beach widths are similar to those found in the 1930s and 1940s.  
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Figure 2.5. Beach-width (BW) variability along 70 km of coastline in southern Santa Barbara and Ventura Counties, 
California, throughout all available years of aerial photography (1929-2005). Areas with shoreline armoring are 
highlighted. 

 
 

 

Figure 2.6. Shoreline armoring in the study area. Data adapted from California Coastal Commission. 
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Figure 2.7. Beach widths plotted by shoreline orientation for specific time periods from the 1940s to 2001. Data 
points were extracted from the same shoreline transects and have comparable numbers of data points. Radial axis 
is beach width in meters. 

 
 

 
 

Figure 2.8. Shoreline-change rates (linear regression) for the wet/dry (1929-2005), back beach (1929-2005), and 
wet/dry with T-sheets (1829 –2005) shorelines. 
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Figure 2.9. Statistically significant shoreline-change rates for each reference feature based on the number of 
shorelines at each transect (generally R >0.7). LRR: Linear regression rate in m/yr. 
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 Figure 2.10. Significant back-beach changes in relation to shoreline armoring. LRR: Linear regression rate. 

 
 

Figure 2.11. Photograph taken in 1936 after the erosion wave had passed Fernald Point en route to Carpinteria. 
Santa Barbara Harbor is visible in the distance; note the numerous cross-shore groins emplaced to slow erosion. 
Photo courtesy of the Spense Collection, UCLA. 
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Figure 2.12. Beach-width changes in Carpinteria relative to the 1929 baseline. Shown are long-term changes from 
1929 to 2006, changes immediately following the arrival of the erosion wave between 1929 and 1938, and recent 
changes from 1997 to 2006. The City of Carpinteria focus site is between transects 771 and 779, and Carpinteria 
Creek discharges between transects 791-793. 

 

 
 

Figure 2.13. Carpinteria shoreline-change linear-regression rates (LRR) for the various shoreline reference 
features. The red line is the back beach, the blue line is the MSL wet/dry adjusted line from air photos, and the 
green line is the shoreline-change rates derived by including the historical NOS T-sheets, as well as air photo and 
Lidar-derived shorelines. The City of Carpinteria focus site is between transects 771 and 779. 
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Figure 2.14. Carpinteria beach-width changes and recovery following A, 1982-83 and B, 1997-98 El Niño events. 

 

 

Figure 2.15. Seasonal beach-width changes for the Carpinteria coastline. City Beach is located between transects 
771 and 779. Shoreline armoring (revetment) occurs from transect 759 to 770. 

A 

B 
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Winter 2006 

 

 

Summer 2006 

       

0.50 mm

 

0.00 mm 
Winter 2007  

Figure 2.16. Gridded sediment grain-size results for Carpinteria beach. The hotter colors represent coarser grain 
materials while the cooler colors represent finer grained material. A, Winter 2006, B, Summer 2006, and C, Winter 
2007. Note the coarsening of grain sizes at the end of the revetment near the Ash Avenue erosion hotspot (red 
region in top panel). Figure from Barnard and others (2007). 
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Figure 2.17. A, Hope Ranch, California, shoreline-change and B, beach-width response following the 1982-83 El 
Niño event. LRR: Linear regression rate. 
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Figure 2.18. A, Transect volume and B, total beach volume above MSL from Goleta Beach to Santa Barbara 
Harbor following the 1982-83 erosion event at UCSB and Goleta beaches. 

 

 

 

A 
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Chapter 3—BEACON Surveys 

By Patrick L. Barnard 

Introduction 

In 1987, a long-term monitoring program consisting of 25 cross-shore beach survey lines in a 

variety of coastal locations within the SBLC was established for BEACON. The objective was to assess 

long- and short-term changes in shoreline position and profile area change from the back beach to 

beyond the depth of closure. Additional lines haves been added since 1987 based on management needs, 

including six lines at Goleta Beach and seven lines on the Santa Clara River delta, for a current total of 

41 lines (fig. 3.1). The USGS resurveyed each of these 41 lines in October 2007 to quantify changes 

along these historical transects. This chapter summarizes the results of this recent USGS survey and 

compares them with the prior complete survey from November 2003 and the first BEACON survey in 

1987. 

Methods 

The October 2007 survey of the BEACON lines was conducted using a Real Time-Kinematic 

Global Positioning System (RTK-GPS). The portion of the survey lines above the water line was 

surveyed on foot with the GPS antenna mounted on a 2 m survey rod, while the below-water portion of 

the profiles was surveyed using the Coastal Profiling System (see Chapter 4, Methods). All horizontal 

positions were referenced to the Universal Transverse Mercator (UTM) projection North American 

Datum 1983 (NAD83), Zone 11 North (meters). All vertical positions were referenced in meters to the 

North American Vertical Datum 1988 (NAVD88), which is 2.9 cm above MLLW at the Santa Barbara 

tide station (National Oceanic and Atmospheric Administration, 2008). 
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Most of the historical survey data was horizontally referenced in NAD83, Cal Zone 5 (US 

Survey Feet), with elevation (feet) referenced to MLLW tidal epoch 1983-2001 (Coastal Frontiers, 

2004). For comparison purposes all of the historical data was converted to meters in UTM NAD83, 

Zone 11 North, and NAVD88 using ArcGIS transformation tools and datums from National Oceanic 

and Atmospheric Administration (2008). The naming convention of the BEACON survey lines also was 

simplified to avoid confusion caused by the variety of prefixes introduced over the years—lines were 

renumbered from 1 to 41, west to east (table 3.1; fig. 3.1). The compilation of all BEACON survey lines 

can be found in the Appendix (figs. A1-A82). All current and historical survey data is available from the 

author upon request. 

Line comparisons were performed using tools in the Regional Morphology Analysis Package 

(RMAP) module in the Coastal Engineering Design and Analysis System (CEDAS; 2008). Volume 

changes (m3/m) were calculated for each time interval (for example, 2003 to 2007 or 1987 to 2007) for 

all portions of the line where data were available, as well as above mean high water (MHW, +1.384 m 

NAVD88), above 0 m, above -4 m, and between MHW and the -4 m contour, labeled the “active zone”. 

Volume-change calculations for the entire profile are tenuous as very small systematic errors in 

echosounder accuracy and speed of sound corrections at depth (below -5 m), can lead to large volume 

changes (for example, a 10 cm systematic offset over 1 km results in a volume change of 100 m3/m). 

Because we have no way of verifying exactly how error estimates and speed of sound corrections for 

BEACON surveys prior to October 2007 were performed, the total volume calculations should be 

interpreted with caution. However, the October 1987 lines seem more consistent spatially than those 

gathered in 2003. In two instances [line 2 (Isla Vista) and line 16 (Carpinteria north)] kelp prevented 

accurate bathymetric data collection, so the data from those areas was discarded. Extensive accretion at 

the mouth of the Santa Clara River prevented volume-change calculations in several instances because 
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surveys did not overlap. For example, at line 28 the river mouth had migrated so far seaward by 2007 

that there was no profile overlap, and volume change above MHW could not be determined. In some 

instances the back-beach area was clipped where coarse survey coverage introduced obvious bias.  

Shoreline proxy contours were determined for each survey line at MHW, 0 m, and -4 m 

elevations, and the horizontal position difference was calculated between each set of surveys for the 

respective contours. Positive values designate shoreline progradation (accretion), and negative values 

designate shoreline recession (erosion). 

Results 

Recent Changes (2003-2007) 

The results of the survey comparison between 2003 and 2007 are summarized in tables 3.2-3.3 

and figures 3.2-3.3. The average of all lines show a trend of net accretion in the SBLC, with each of the 

three contours (MHW, 0 m and -4 m) migrating seaward between 11 and 23 m. However, the overall 

signal is completely dominated by the extensive accretion at the mouth of the Santa Clara River (lines 

27-35) where total volume change averaged 1,341 m3/m and the shorelines prograded, on average, 

between 43 and 84 m. With the Santa Clara River delta lines removed, net accretion on the remaining 

BEACON lines is negligible, with the MHW and 0 m contours prograding only ~ 1 m, or ~ 0.25 m/yr. If 

only lines north of the Santa Clara River (lines 1-26) are included, net change is even more negligible, 

with 0 to 1 m of change for all contours. Lines south of the Santa Clara River accreted substantially, 

with all contours migrating at least 29 m seaward. 

Despite the lack of an obvious regional trend, throughout the BEACON survey area there are 

fairly continuous pockets of erosion and accretion. Erosion, especially in the nearshore, or “active 

zone”, is prevalent in lines 1-3 (Ellwood to West Goleta Beach), 8-13 (east Goleta Beach to Miramar, 
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especially around Santa Barbara Harbor), and 19-24 (Rincon, Oil Piers to Surfers Point). Accretion was 

observed in lines 4-7 (Goleta Beach), 14-18 (Summerland to La Conchita), 27-35 (Santa Clara River 

delta), 37-39 (adjacent to Hueneme Harbor), and 41 (Point Mugu). No significant change was noted for 

lines 25-26 (adjacent to Ventura Harbor), 36 (Hollywood Beach), and 40 (Ormond Beach).  

The Santa Clara River delta region (lines 27-35) shows significant vertical accretion and 

shoreline progradation since 2003. Clearly, there was a major amount of sediment input to the system as 

a result of the winter 2004-2005 flood, with 1 to 2 m of vertical accretion in surveyed water depths 

ranging from 0 to 12 m, and shoreline progradation and transect volume increases as high as 129 m and 

3,074 m3/m, respectively. The average volume change of shore-normal lines 27, 29, and 32-35, which 

are each about 1 km apart, is +1,067 m3/m. Thus, along this 6 km stretch of coastline, at least 6.4 

million m3 of sediment was delivered to the survey area alone. The actual volume delivered from the 

January 2005 Santa Clara River flood must have been far higher, however, as we have observed 

continuing losses of sediment from the Santa Clara River delta based on our semiannual monitoring 

from 2005-2008 (see Chapter 4), and because there is still up to 2 m of accretion at the seaward extreme 

of the survey lines at the mouth of the Santa Clara River compared to the 2003 survey (for example, see 

fig. A32, line 32). However, the sediment grain size declines offshore, so the estimate of ~6 million m3 

of littoral-sized sand delivered from the 2004-2005 flood may be a reasonable, albeit crude, estimate.  

The portion of the Ellwood (line 1) profile in the nearshore (fig. A42) shows considerable 

erosion, but the offshore component shows accretion. This profile is adjacent to the mouth of the creek 

draining near Bacara where paleochannels may be intermittently active. Additionally, this is one of only 

a few locations that Mustain (2007) identified as consisting of coarse- to medium-sand. 
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Recent Decadal Changes (1987-2007) 

Two decades of change are captured by the comparison of the 25 original BEACON profiles 

from 1987 to the recent survey in 2007 (tables 3.4-3.5; figs. 3.4-3.5). Due to the massive amount of 

sediment input from the Santa Clara River, especially during the 2004-2005 winter flood, there is a clear 

distinction between lines north and south of the Santa Clara River. Summary statistics show that the 

lines north of the Santa Clara River show net erosion, with an average shoreline change of -6 m and 

volume-change rates for the total profile and the “active zone” of -115 and -29 m3/m, respectively. 

Conversely, south of the Santa Clara River the average shoreline change was 34 m and volume change 

rates for the total profile and the “active zone” were 725 and 133 m3/m, respectively.  

Erosion is prevalent in all profiles from Ellwood to Miramar (lines 1 to 13, MHW shoreline and 

“active zone”), with the exception of East Beach (line 11) where there is negligible change. Erosion 

dominates from Carpinteria (line 17) to Surfer’s Point (line 24), with the exception of La Conchita (line 

18) where there is accretion in the “active zone”. Erosion is prevalent at Marina Park (line 26). As in the 

2003 to 2007 comparison, there is clear accretion at Summerland (line 14), Padaro Lane (line 15), La 

Conchita (line 18) and at nearly every profile south of the Santa Clara River, except for Hueneme Pier 

(line 39). There is also a smaller amount of accretion noted at San Buenaventura State Beach (line 25). 

The large erosion signal in the Rincon Parkway area is noteworthy. Alongshore averaging for 

the total profile volume change from Hobson (line 20) to Surfer’s Point (line 24) is -410 m3/m from 

1987-2007. Extrapolating this value to the entire 12 km stretch of coastline amounts to a total volume 

loss of ~5 million m3, or an average of ~250,000 m3/yr. The “active zone” lost about 750,000 m3 during 

this 20 year period. 



 68

Other Observations 

Looking qualitatively at pre-2003 surveys, there is continued profile loss noted at Ellwood (line 

1), Ledbetter (line 10), East Beach (line 11), and Surfer’s Point (line 24). Recent and/or continued 

profile gain is recognized at Padaro (line 15), La Conchita (line 18), San Buenaventura (line 25), and 

Hueneme North and South (lines 37-38). 

Goleta Beach profiles from January 2005 show the development of a nearshore bar at around 1 

to 2 m depth that seems to be followed by accretion of the shoreface and dry-sand beach. This scenario 

fits the standard conceptual model of beach behavior, with a sand pulse arriving from updrift in the 

winter, then moving up the profile in subsequent surveys throughout the year and remaining there until 

the most recent surveys. Meanwhile, Arroyo Burro (fig. A9) downdrift suffered erosion observationally 

and anecdotally. The higher temporal and spatial resolution of the Goleta profiles enable a better 

understanding of the evolution of this beach and illustrates some of the benefits of a more robust 

monitoring program. 

On average, beach slope (calculated between the MHW and 0 m contours) decreased north of the 

Santa Clara River and increased south of the Santa Clara River. This is consistent with a gradual fining 

of the littoral sediment supply to the north due to a limited supply, and coarsening to the south, likely 

due to the influx of coarse sediment from the Santa Clara River delta flood in 2004-2005 and to 

increased wave energy in this location due to focusing by the delta. 

Shoreline-Change Rates 

Figure 3.6 shows the long- and short-term MHW shoreline-change rates along the BEACON 

lines as determined from the 1987-2007 and 2003-2007 survey pairs. The long-term (20 yr, 1987-2007) 

rate for all lines north of the Santa Clara River is ~ -0.3 m/yr, while lines to the south accreted at a rate 

of ~ 1.7 m/yr. Rates on individual lines north of the Santa Clara River all are modest, with most less 
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than ± 1 m/yr. The highest long-term rate is at line 32 (McGrath State Beach) with 5.3 m/yr of accretion, 

although this may be strongly biased by the extensive accretion caused by the flood in winter 2004-

2005. Shore protection structures along the Rincon Parkway keep the shoreline position relatively stable 

(lines 16-24). 

Short-term (4 yr, 2003-2007) rates are far more variable, with rates in the western portion of the 

study area ranging from +7.7 m/yr at Goleta (line 6) to -7.9 m/yr at East Beach (line 11). At the mouth 

of the Santa Clara River, accretion rates reached up to 20.4 m/yr (line 31), with significant but reduced 

accretion on lines south of the rivermouth as well. However, lines immediately north of the Santa Clara 

River (19-26) exhibited little net shoreline change. 

Conclusions 

• There is no significant average regional change observed in the SBLC between 2003 and 2007 

based on 41 BEACON survey lines. 

• Significant erosion is observed in the vicinity of the Santa Barbara Harbor and Rincon Parkway 

between 2003 and 2007. 

• From 2003 to 2007 accretion is observed at Goleta, from Summerland to La Conchita, and along 

most of the coastline south of the Santa Clara River mouth, including areas adjacent to Hueneme 

Harbor. 

• At least 6 million m3 of sediment was delivered to the coast at the mouth of the Santa Clara 

River during the winter flood of 2004-2005. 

• The shoreline adjacent to the Santa Clara River prograded up to 129 m as a result of the winter 

flood in 2004-2005. 

• North of the Santa Clara River mouth the MHW shoreline retreated an average of 6 m from 1987 

to 2007. 
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• The shoreline south of the Santa Clara River mouth accreted an average of 34 m from 1987 to 

2007. 

• Approximately 5 million m3 (250,000 m3/yr) of sediment was eroded from the Rincon Parkway 

region (Hobson to Surfer’s Point) from 1987 to 2007. 
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Table 3.1. Naming convention for BEACON survey lines. 
 

USGS line # Old BEACON ID Alt. ID Name 
1 B CN01   Ellwood 
2 BCN02   Isla Vista 
3 GB 06  Goleta Beach #6 
4 GB 01  Goleta Beach #1 
5 GB 02 BN01 Goleta Beach #2 
6 GB 03  Goleta Beach #3 
7 GB 05  Goleta Beach #5 
8 GB 04  Goleta Beach #4 
9 BCN03   Arroyo Burro 

10 B CN04  Ledbetter Beach 
11 BCN05  East Beach 
12 BCN06   Biltmore 
13 BCN0 7  Miramar 
14 B CN08  Summerland 
15 B CN09  Padaro Lane 
16 BN02   Carpinteria (north) 
17 BCN1 0  Carpinteria (south) 
18 B CN11  La Conchita 
19 B N03  Oil Piers 
20 B CN12  Hobson 
21 B CN13  Faria 
22 B CN14  Solimar 
23 BCN 15  Emma Wood 
24 BCN16  Surfer’s Point 
25 BCN17  San Buenaventura State Beach 
26 B CN18  Marina Park 
27 BD01  Santa Clara River Delta #1 
28 BD02  Santa Clara River Delta #2 
29 BD03  Santa Clara River Delta #3 
30 BD04  Santa Clara River Delta #4 
31 BD05  Santa Clara River Delta #5 
32 BCN19 BD06 McGrath State Beach/ SC Delta #6 
33 BD07  Santa Clara River Delta #7 
34 BCN20 BD08 Oxnard Shores/ SC Delta #8 
35 BD09  Santa Clara River Delta #9 
36 BCN21   Hollywood Beach 
37 BCN 22  Silver Strand 
38 BN04  Hueneme Beach (North of Pier) 
39 BCN23  Hueneme Beach (South of Pier) 
40 BCN24  Ormond Beach 
41 BCN25   Point Mugu 
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Table 3.2. Summary statistics of BEACON line profile changes from 2003 to 2007. [MHW: mean high water. Active 
zone: depth interval from -4m to MHW] 
 

Volume change, in m3/m   Contour change, in meters   
  Total MHW 0 m - 4 m Active zone MHW 0 m -4 m 

All lines           
Average 392 3 13 62 17 11 13 23 
Maximum 3,074 57 187 488 434 81 93 129 
Minimum -413 - 145 -154 -269 -191 -32 -32 -34 
Std Deviation 722 38 63 177 103 27 31 41 
            
Excluding Santa Clara River delta (lines 27-35)      
Average 108 3 4 4 1 1 1 6 
Maximum 460 56 90 133 145 31 26 70 
Minimum -413 - 77 -122 -269 -191 -32 -32 -34 
Std Deviation 221 28 42 84 63 13 16 23 
            
 Santa Clara River delta (lines 27-35)      
Average 1,341 -3 58 261 112 43 54 84 
Maximum 3,074 57 187 488 434 81 93 129 
Minimum 337 -1 45 -154 -223 -96 -8 0 42 
Std Deviation 992 84 123 263 221 37 36 31 
            
 North of Santa Clara River mouth (lines 1-26)      
Average 99 0 -1 -10 -9 0 1 0 
Maximum 364 56 90 119 85 31 26 57 
Minimum -413 - 77 -122 -269 -191 -32 -32 -34 
Std Deviation 226 28 45 84 60 14 16 19 
            
 South of Santa Clara River mouth (lines 27-41)      
Average 861 9 41 182 75 29 33 62 
Maximum 3,074 57 187 488 434 81 93 129 
Minimum -103 - 145 -154 -223 -96 -8 -27 -1 
Std Deviation 975 56 86 225 151 34 39 39 
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Table 3.3. Profile change for each of the BEACON lines from 2003 to 2007. [Volume change is calculated for the 
entire profile (Total) and then above the specified contours. NaN: no calculation possible due to poor profile overlap 
or poor data (for example, due to kelp beds at line 2). MHW: mean high water. Active zone: depth interval from -4m 
to MHW] 

  Volume change in m3/m  Contour change in meters
Line # Total MHW 0 m - 4 m Active zone MHW 0 m -4 m 

1 18 7 -12 -33 -75 -62 -9 -19 -6 
2 NaN 8 11 NaN NaN 4 3 NaN 
3 77 -35 -40 -82 -47 -5 -2 6 
4 28 5 10 32 66 56 15 14 57 
5 28 3 12 40 96 85 22 19 5 
6 36 4 56 90 119 63 31 20 37 
7 26 3 12 36 94 82 17 21 -1 
8 20 1 -15 -26 -23 -8 -11 -7 11 
9 34 2 -19 -23 -20 -1 -8 -1 -7 

10 -2 64 -23 -29 -69 -46 -9 -8 -11 
11 - 263 -77 -122 -269 -191 -32 -32 -33 
12 29 8 -31 -54 -55 -24 -16 0 -2 
13 -5 1 -34 -62 -117 -84 -26 -15 -9 
14 28 6 48 57 65 17 8 3 -3 
15 14 8 28 44 79 51 11 10 5 
16 NaN 28 39 8 -20 7 7 -8 
17 70 12 16 21 9 3 0 -12 
18 30 3 18 37 69 51 9 26 7 
19 60 0 -6 -29 -29 -4 0 -5 
20 10 -4 8 10 14 -1 23 -5 
21 -4 13 1 10 -17 -18 3 18 -34 
22 -3 70 -10 -34 -70 -60 -9 -30 -21 
23 19 4 -10 -25 -56 -46 -3 -23 4 
24 23 1 -8 -10 -41 -33 0 1 4 
25 10 6 34 29 37 3 1 -4 2 
26 37 0 -3 8 8 -4 2 17 
27 33 7 -14 18 207 221 14 42 57 
28 1, 172 NaN 187 455 NaN 71 74 85 
29 1, 445 NaN NaN 429 NaN 68 86 87 
30 2, 069 NaN NaN 465 NaN 71 89 104 
31 2, 436 NaN NaN 457 NaN 81 93 125 
32 3, 074 55 170 488 434 77 67 129 
33 67 2 -145 -154 -223 -78 -8 0 73 
34 47 2 34 53 -62 -96 14 11 42 
35 39 5 57 72 137 79 1 21 52 
36 26 9 25 13 18 -7 -1 -13 70 
37 46 0 29 38 62 33 7 15 27 
38 56 -12 19 133 145 21 23 49 
39 -1 03 7 14 78 72 11 5 14 
40 -7 1 22 4 -16 -38 4 -27 19 
41 23 2 45 59 107 62 7 13 -1 
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Table 3.4. Summary statistics of BEACON line profile changes from 1987 to 2007. [MHW: mean high water. Active 
zone: depth interval from -4m to MHW] 
 

Volume change in m3/m Contour change in meters
  Total MHW 0 m - 4 m Active Zone MHW 0 m -4 m 

All lines           
Average 130 23 27 42 18 5 1 11 
Maximum 2,738 24 0 377 736 496 107 85 131 
Minimum -697 -5 6 -85 -131 -106 -20 -23 -35 
Std Deviation 676 70 105 192 125 29 22 40 
            
Excluding Santa Clara River delta (lines 27-35)      
Average -32 5 0 -7 -12 -2 -4 1 
Maximum 653 11 2 121 153 85 35 24 79 
Minimum -697 -5 6 -85 -131 -106 -20 -23 -35 
Std Deviation 328 38 52 92 60 14 12 24 
            
Santa Clara River delta (lines 27-35)      
Average 1,906 22 2 332 574 351 88 57 118 
Maximum 2,738 24 0 377 736 496 107 85 131 
Minimum 1,074 20 5 287 411 206 70 28 104 
Std Deviation 1,177 25 63 230 205 26 40 19 
            
North of Santa Clara River mouth (lines 1-26)      
Average -115 -7 -16 -36 -29 -6 -5 -7 
Maximum 295 51 61 97 71 10 24 15 
Minimum -697 -5 6 -85 -131 -106 -20 -23 -35 
Std Deviation 292 24 35 76 56 9 12 15 
            
South of Santa Clara River mouth (lines 27-41)      
Average 725 98 136 231 133 33 17 53 
Maximum 2,738 24 0 377 736 496 107 85 131 
Minimum -129 -2 1 -44 -19 2 -20 -9 2 
Std Deviation 971 94 146 258 173 43 33 52 
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Table 3.5. Profile change for each of the BEACON lines from 1987 to 2007. [Volume change is calculated for the 
entire profile (Total) and then above the specified contours. NaN: no calculation possible due to poor data (for 
example, due to kelp beds at line 2 or no data from 1987 survey. MHW: mean high water. Active zone: depth 
interval from -4m to MHW] 

    Volume change in  m3/m Contour change in meters 
Line # Total MHW 0 m - 4 m Active Zone MHW 0 m -4 m 

1 -100 -5 6 -85 -131 -7 6 -20 -20 -6 
2 NaN 4 2 NaN NaN 1 -5 NaN 
3 NaN NaN NaN NaN NaN NaN NaN NaN 
4 NaN NaN NaN NaN NaN NaN NaN NaN 
5 NaN NaN NaN NaN NaN NaN NaN NaN 
6 NaN NaN NaN NaN NaN NaN NaN NaN 
7 NaN NaN NaN NaN NaN NaN NaN NaN 
8 NaN NaN NaN NaN NaN NaN NaN NaN 
9 114 -2 8 -45 -79 -5 1 -18 -9 -3 

10 -381 -2 2 -35 -100 -7 8 -10 -13 -28 
11 52 1 0 14 13 1 -1 15 
12 29 5 -19 -29 -27 -9 -7 8 -13 
13 26 -3 3 -51 -83 -5 0 -16 -10 -8 
14 202 51 61 87 36 9 3 0 
15 -4 35 51 97 62 10 11 6 
16 NaN NaN NaN NaN NaN NaN NaN NaN 
17 -371 -1 1 -16 -77 -6 6 -5 -7 -19 
18 15 4 9 0 55 47 -1 -9 13 
19 NaN NaN NaN NaN NaN NaN NaN NaN 
20 -82 -1 1 -22 -59 -4 9 -13 4 -2 
21 -2 00 -2 11 -59 -58 2 24 -29 
22 -6 97 2 -13 -25 -27 0 -22 -35 
23 -599 -1 1 -29 -78 -6 6 -9 -23 -6 
24 -4 70 -22 -39 -129 -106 -14 -7 -6 
25 122 11 2 82 71 -3 3 12 
26 -21 -1 8 -46 -107 -8 9 -12 -19 -5 
27 NaN NaN NaN NaN NaN NaN NaN NaN 
28 NaN NaN NaN NaN NaN NaN NaN NaN 
29 NaN NaN NaN NaN NaN NaN NaN NaN 
30 NaN NaN NaN NaN NaN NaN NaN NaN 
31 NaN NaN NaN NaN NaN NaN NaN NaN 
32 2,738 24 0 377 736 49 6 107 85 131 
33 NaN NaN NaN NaN NaN NaN NaN NaN 
34 1,074 20 5 287 411 20 6 70 28 104 
35 NaN NaN NaN NaN NaN NaN NaN NaN 
36 653 69 104 153 85 35 19 79 
37 41 5 112 121 140 28 17 -8 21 
38 NaN NaN NaN NaN NaN NaN NaN NaN 
39 -1 29 -21 -44 -19 2 -20 -6 2 
40 57 30 49 95 65 21 -9 33 
41 266 52 61 101 49 5 8 3 
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Figure 3.1. Location of BEACON survey lines, Santa Barbara and Ventura Counties, California. 
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Figure 3.2. BEACON profile changes from November 2003 to October 2007. A, volume change above the given 
elevation to the depth of closure, and B, contour change (shoreline proxy) with a positive value representing 
accretion since 2003 and a negative value representing erosion since 2003. The “Active Zone” is the region 
between the mean high water (MHW) and 4 m depth contours. Santa Barbara Harbor is located between Lines 10 
and 11. 
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Figure 3.3. BEACON profile changes from November 2003 to October 2007, for lines north of the Santa Clara 
River mouth. A, volume change above the given elevation, and B, contour change (shoreline proxy) with a positive 
value representing accretion since 2003 and a negative value representing erosion since 2003. The “Active Zone” 
is the region between the mean high water (MHW) and 4 m depth contours. 
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Figure 3.4. BEACON profile changes from October 1987 to October 2007. A, volume change above the given 
elevation, and B, contour change (shoreline proxy) with a positive value representing accretion since 1987 and a 
negative value representing erosion since 1987. The “Active Zone” is the region between the mean high water 
(MHW) and 4 m depth contours. 
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Figure 3.5. BEACON profile changes from October 1987 to October 2007 for lines north of the Santa Clara River 
mouth. A, volume change above the given elevation, and B, contour change (shoreline proxy) with a positive value 
representing accretion since 1987 and a negative value representing erosion since 1987. The “Active Zone” is the 
region between the mean high water (MHW) and 4 m depth contours. 
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Figure 3.6. Shoreline-change rates based on the mean high water (MHW) position from 1987 to 2007 and from 
2003 to 2007. 
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Chapter 4—Recent Morphological Changes 

By Patrick L. Barnard and Daniel Hoover 

Introduction 

Semiannual (early fall and late winter) high-resolution topographic and bathymetric surveys 

were conducted at the focus areas of Ellwood/Isla Vista/Goleta, Carpinteria, Rincon Parkway, 

Ventura/Santa Clara River mouths and Mugu Canyon from October 2005 through October 2008 (fig. 

1.1; table 4.1). The purpose of these surveys was to assess: 

• Seasonal transport patterns, including the magnitude of cross-shore transport and 

shoreline change, 

• Annual changes in sediment volume and shoreline position, 

• Alongshore transport of accretion and erosion waves, and 

• Net sediment-volume change during the 3-year study period. 

 Additionally, an airborne Lidar (light detection and ranging) survey of the entire SBLC coastline 

was performed on October 15, 2005. This survey enabled regional calculations of the effects of the 

strong 1997-98  El Niño event on shoreline position and beach slope in the SBLC when compared to the 

1998 Lidar survey of the region (Hapke and others, 2006). 

Methods 

Barnard and others (2007) provide detailed descriptions of the methods applied to collecting and 

analyzing the Lidar, ATV topographic mapping, and Coastal Profiling System (CPS) mapping; this 

section provides a brief summary of those methods. 
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Lidar 

 Lidar survey data were collected on October 15, 2005, in partnership with BEACON, CDBW, 

USGS, UC Santa Cruz, and the University of Texas Bureau of Economic Geology. The data set includes 

point data from a strip of Southern California coastline (including water, beach, cliffs, and cliff tops) 

from Point Conception in Santa Barbara County to Point Mugu in Ventura County. The data were 

collected for comparison to previous data sets to determine rates of shoreline change along the 

coastlines of Santa Barbara and Ventura Counties. The October 2005 Lidar data can be downloaded at 

http://Lidar.cr.usgs.gov/Lidar_Viewer/viewer.php. 

All-Terrain Vehicle Surveys 

Subaerial beach surveys were conducted semiannually using ATVs at Ellwood/Isla Vista/Goleta, 

Carpinteria, and Ventura/Santa Clara River mouth (table 4.1, see Appendix B for coverage areas) and 

Ashtech  dual-channel GPS receivers to collect data using the Differential Global Positioning System 

(DGPS) or Real-Time Kinematic (RTK) GPS. The differential correction was calculated at nearby base 

stations, and the correction was applied to the ATV data in real time (RTK) or after the survey (DGPS). 

All surveys were collected and processed in UTM, NAD83, Zone 11 North as the horizontal coordinate 

system. All elevations are relative to the North American Vertical Datum 1988 (NAVD 88), which is 

2.9 cm above MLLW at the Santa Barbara Harbor Tide Station (Station # 9411340: National Oceanic 

and Atmospheric Administration, 2008).  

Coastal Profiling System 

The CPS, a hydrographic surveying system mounted on a personal watercraft, was used to 

collect bathymetric data at each of the focus areas (see table 4.1 for survey times and locations). The 

CPS combines the high accuracy positioning of RTK-GPS and the mobility of a personal watercraft to 

http://Lidar.cr.usgs.gov/Lidar_Viewer/viewer.php
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collect rapid and precise bathymetric profiles. The CPS has traditionally been used to survey cross-shore 

profiles (approximately perpendicular to the shoreline) from approximately 15 m depth to 1 m depth 

(NAVD 88), depending on weather, tide, and surf conditions. A more complete discussion of specifics 

regarding the CPS is provided by Ruggiero and others (2005) and MacMahan (2001). Ashtech GPS 

equipment was used to collect position data. All bathymetric survey data was collected in the UTM 

horizontal coordinate system, Zone 11 North, and referenced to NAVD 88.  

Analysis Tools 

Beach slope was extracted from the 2005 Lidar data on shoreline normal transects located every 

100 m alongshore in the SBLC and was measured from MSL (0.82 m NAVD88) to MHW (1.384 m 

NAVD88) using the Digital Shoreline Analysis System (DSAS, see Chapter 2). DSAS was also used for 

analyzing shorelines extracted from the ATV-collected topographic data. ArcGIS tools were used to 

filter and grid topographic data, as well as to calculate elevation and volume change between surveys. 

Custom built MATLAB scripts were used to process and analyze the bathymetry data. 

Results 

Data points and grids for each ATV topography survey are included in Appendix B. Profile 

locations and all profiles collected by the CPS system are included in Appendix C.  

Lidar 

Lidar Shoreline Change 1998-2005 

The position of the MHW line between the April 1998 (Hapke and others, 2006) and October 

2005 Lidar flights were compared to assess shoreline recovery since the El Niño winter of 1997-98 

(table 4.2; fig. 4.1). Because this analysis is comparing different seasonal shorelines (early spring and 

late fall) without accounting for the typical summer shoreline progradation signal, the intent is only to 
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identify stretches of the SBLC that have clearly not regained their immediate post-El Niño position. 

That is, if the 2005 MHW line, even after the typical summer of progradation (April 2005 to October 

2005), has not reached the April 1998 position, then it is clearly erosional. 

On the basis of 1,281 transects, the average MHW position in October 2005 was 7.1 m seaward 

of its April 1998 position, accreting at a rate of 0.9 m/yr. However, the rate is extremely variable 

alongshore, ranging from accretion of 31.4 m/yr at the Santa Clara River mouth (125.9 km alongshore 

in fig. 4.1) to erosion of 11.4 m/yr at Mugu (149.6 km alongshore). The overall average, as with the 

BEACON lines analyzed in Chapter 3, is biased by the massive signal at the Santa Clara River mouth, 

which averaged 8.1 m/yr of accretion, with transects south of the Santa Clara River averaging 2.9 m/yr 

of accretion. North of the Santa Clara River, accretion was marginal at 0.5 m/yr (4 m total). Given that 

the seasonal shoreline migration is within this envelope (see Chapter 4), the change since April 1998 is 

negligible north of the Santa Clara River. 

Higher rates (>3 m/yr) of accretion and erosion are associated with the updrift (75 km 

alongshore in fig. 4.1B) and downdrift (77 km alongshore) sides of the Santa Barbara Harbor, 

respectively. Other pockets of accretion are noted at Ellwood (55 km alongshore), Miramar (82 km 

alongshore), Summerland (85 km alongshore), Padaro (89 km alongshore), updrift of Rincon Point (96 

km alongshore), La Conchita (100 km alongshore), between Hobson and Faria (107 km alongshore), 

Solimar (113 km), San Buenaventura State Beach to Hollywood (122 to 133 km alongshore), Silver 

Strand (135 km), south Hueneme to Ormond Beach (140 to 143 km alongshore), and western Mugu 

(146 km). Other notable pockets of erosion are at the Biltmore in Santa Barbara (80 km alongshore), 

Loon Point (87 km alongshore), downdrift of Rincon Point (98 km alongshore), Surfer’s Point (119 km 

alongshore), north of Channel Islands Harbor (133 km alongshore), North Hueneme Beach (137 km 
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alongshore), south of Ormond Beach (144 km alongshore), and Mugu Canyon (148 and 150 km 

alongshore).  

Beach Slope 

Beach slope shows no significant alongshore trend in the SBLC (fig. 4.2). The average beach 

slope is 8 percent, with a standard deviation of 11 percent. Average beach slope in the SBLC is 1 

percent higher east of Santa Barbara Harbor than it is to the west. However, this slight increase in slope 

appears to be related to the higher incidence of shore-protection structures and not to an obvious 

physical factor, such as grain size, as there is no significant correlation between beach slope and grain 

size (r2=0.02) in the SBLC (based on 296 co-located (< 100 m apart) grain-size and beach-slope 

measurements). Areas with noticeable spikes in beach slope occur along the Gaviota Coast (27 to 31 km 

alongshore in fig. 4.2), around Rincon Parkway shore-protection structures (98 to 116  km alongshore), 

at the mouth of the Santa Clara River (125 km alongshore), and at Mugu Canyon (149 km alongshore). 

The higher beach slopes at the mouth of the Santa Clara River (~10 percent) are likely a result of a short 

alongshore spike in coarse grain sizes adjacent to the Santa Clara River mouth, as well as wave focusing 

on the river delta. Some of the lowest beach slopes (< 4 percent) in the region can be found just west of 

the Santa Barbara Mesa (67 to 73 km alongshore), at Sandyland/Carpinteria (92 to 95 km alongshore), 

and just north of the Channel Islands Harbor (~134 km alongshore). As a whole the SBLC beach slopes 

represent reflective conditions according to the Wright and Short (1984) classification, with a shoreface 

dominated by a single bar system (see CPS Bathymetry Mapping, this chapter) and short-period wave 

energy. 

All-Terrain Vehicle Beach-Topography Mapping 

The results presented in this section are based on ATV beach-topography mapping at each of the 

focus areas from October 2005 to October 2008 (table 4.1), except that the October 2005 Lidar survey 
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data was substituted at each focus area for the October 2005 ATV data because of its far more extensive 

spatial coverage and greater accuracy  Shoreline-change rates are based on the end point rate (EPR) and 

linear regression rate (LRR) of both the MSL and MHW shorelines. The EPR was calculated using only 

the October 2005 and October 2008 shorelines, and the LRR was calculated using only the fall 

shorelines (October 2005, 2006, 2007, and 2008). 

Ellwood/Isla Vista/Goleta 

A summary of the beach topography analysis for the Ellwood/Isla Vista/Goleta study area from 

2005 to 2008 is presented in tables 4.3 to 4.5 and figures 4.3 to 4.5. 

Shoreline-change analysis using DSAS shows this focus area to be slightly erosional at 0.4 to 2.3 

m/yr of shoreline retreat based on the EPR and LRR of both the MSL and MHW shorelines. However, 

the local position of the shoreline varies up to 82 m, with the highest values occurring in the lee of Coal 

Oil Point (56.3 km; fig. 4.3) and Campus Point (59.6 km; fig. 4.3). Each of the three subareas (Ellwood, 

Isla Vista and Goleta) separated by Coal Oil and Campus points showed an average shoreline position 

range of ~20 m. Isla Vista shows the highest mean erosion rate at >2 m/yr. Within each subarea, and in 

the focus area as a whole, the MSL shoreline is retreating faster than the MHW line, indicating a 

steepening of the beach. Figure 4.4 shows the LRR of the MHW shoreline for the entire study area, with 

mostly continuous sections of erosion or accretion that typically exceed 500 m alongshore. Erosion is 

prevalent for the western half of Ellwood, almost all of Isla Vista, a small stretch in the lee of Campus 

Point, and the western half of Goleta County Beach. Accretion is prevalent immediately updrift and 

downdrift of Coal Oil Point, just updrift of Campus Point, along a small stretch in the lee of Campus 

Point, and on the eastern half of Goleta County Beach. Due to the severe erosion at Isla Vista the LRR 

often could not be calculated as the MHW line is on the cliff face. 
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A strong seasonal trend is documented by the vertical and volume change statistics in table 4.4, 

with 60,000 to 120,000 m3 of seasonal sand-volume variation, or up to 23 m3/m. Maximum annual 

volume change never exceeded 70,000 m3, or 11 m3/m. The winter of 2007-2008 showed the highest net 

loss of beach sediment (110,000 m3), compounded by poor summer recovery—Ellwood was the only 

subarea that recovered fully from that winter. The Goleta subarea alone lost close to 60,000 m3 of 

sediment from October 2007 to October 2008. 

Beach slope did not show the typical steeping trend in the winter, with the exception of Ellwood 

(table 4.5). Overall, the mean beach slope of 7 percent was relatively constant between winter and fall. 

However, there was significant local steepening at Goleta County Beach each fall, while the winter 

slope became more gradual. There also was a noticeable reduction in beach slope regionally during the 

2007-2008 winter. 

Carpinteria 

Summaries of the 2005-2008 beach topography analyses for the Carpinteria study area are 

presented in tables 4.6 to 4.8 and figures 4.6 to 4.8. 

Shoreline analysis shows the Carpinteria area as erosional, averaging 0.7 to 2.4  m/yr of 

shoreline retreat. The Carpinteria City Beach is clearly erosional during the three year monitoring 

period, with a mean shoreline-retreat rate of 2.5 to 3.8 m/yr and no DSAS transect showing a MHW 

shoreline-retreat rate of less than 1 m/yr (see ~91.5 km in fig. 4.6). The MSL shoreline is retreating 

twice as fast as the MHW line, indicating an overall steepening of the beach. Erosion is prevalent over 

almost the entire study area, from the mid-point of the revetment downdrift of Sand Point through most 

of the State Park shoreline. Small pockets of relatively minor accretion are found at the ends of the 

study area, near Sand Point in the west and the asphaltum outcrop in the east. The local position of the 

shoreline varies up to 37 m, but averages just 11 m overall. 
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A strong seasonal trend is documented by the vertical- and volume-change statistics in table 4.7, 

with up to 76,000 m3 of seasonal sand-volume variation, or up to 28 m3/m. Maximum annual volume 

change never exceeded 38,000 m3 or 18 m3/m. As in the shoreline trend, the City Beach shows the 

highest seasonal variation (50 m3/m) and the largest overall volume loss (26 m3/m).  

Beach slope broadly shows a steepening trend of up to two-fold from fall to winter [for example, 

October 2005 (4.7 percent) to March 2006 (9.1 percent)], with an overall mean of 5.3 to 7.8 percent. 

The City Beach did steepen from February 2008 to October 2008, but interpretation of slope changes in 

this area is compromised by the extensive beach scraping that is performed here.  

Ventura/Santa Clara River Mouths 

Summaries of the 2005-2008 beach topography analyses for the Ventura/Santa Clara River 

mouths study area are presented in tables 4.9 to 4.11 and figures 4.9 to 4.11. 

Shoreline-change analysis shows this focus area overall to be erosional , averaging 4.6 to 6.3 

m/yr of shoreline retreat. However, the overall average is dominated by the area around the Santa Clara 

River mouth, which is retreating at rates up to 45 m/yr (see 125.2 km in fig. 4.9). Shoreline retreat 

around the Santa Clara River mouth is a result of the rapid return of the shoreline to its equilibrium state 

after flood-induced shoreline progradation of at least 100 m in winter 2004-2005 (see Chapter 3). In the 

subarea north of the Ventura Harbor (122.5 km in fig. 4.9), the shoreline is retreating, but at a rate of 

only 1.5 to 2.8 m/yr, compared to 7 to 9.6 m/yr of retreat south of the harbor. Overall, shoreline position 

varies by a mean of 40 m, with a maximum of more than 100 m of movement at the Santa Clara River 

mouth. Shoreline position trends along San Buenaventura State Beach are variable, but erosion is 

prevalent downdrift of Surfer’s Point for 1.6 km, and again for 2.5 km adjacent to the Santa Clara River 

mouth (fig. 4.10). Accretion is prevalent on both sides of the Ventura Harbor and downcoast of the 

massive erosion signal at the Santa Clara River mouth, where shoreline progradation rates peak at 
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around 20 m/yr.  North of the Ventura Harbor, the MHW shoreline retreated more slowly than the MSL 

shoreline, indicating overall profile steeping, while the opposite occurred to the south. 

Typical seasonal trends occurred throughout the northern portion of the study area, with beach 

volume changing seasonally by up to 75,000 m3, or 24 m3/m. South of the Ventura Harbor, seasonal 

trends were similar to those north of the harbor, except for 145,000 m3 of sediment that accreted (30 

m3/m) from October 2005 to March 2006. This abnormal pattern is presumably a result of recently 

deposited flood sediments from the Santa Clara River delta migrating onto the beach. During the entire 

three-year study period, the beach north of the Ventura Harbor lost nearly 50,000 m3, while more than 

200,000 m3 of sediment accreted to the south. 

Beach slope shows the typical steeping trend in the winter, from a mean of 7.2 to 10.5 percent. 

However, mean beach slope is far steeper at the Santa Clara River mouth (10.5 percent) than in the rest 

of the study area (~ 8 percent). 

Coastal Profiling System Bathymetry Mapping 

Bathymetric profiles (Appendix C) show substantial variation across the study area, reflecting 

alongshore changes in regional geology and local sediment supply and retention. These variations affect 

sediment transport and retention, both on- and off-shore and alongshore. Depth of closure (DOC, the 

region below which seasonal and annual bathymetry changes are unresolvable, defined in this study to 

be < 10 cm of change during the monitoring period) varies from 1.8 to at least 11.3 m (table 4.12; fig. 

4.12) and depends on a number of factors, including proximity to sediment sources (for example, the 

Santa Clara River mouth), profile shape (for example, shallow shelf vs. smoothly sloping or concave 

upward), and coastline orientation (for example, exposed vs. sheltered). Seasonal (October to 

February/March, and February/March to October) profile volume changes above the DOC typically 

were less than 100 m3 per m of profile width (m3/m), except in the Ventura region where changes of up 



 91

to 470 m3/m occurred around the Santa Clara River mouth (table 4.13; fig. 4.13). Throughout most of 

the study area, seasonal changes in the subtidal region were apparent as accretion during the winter and 

erosion during the summer, opposite of but consistent with  the normal pattern observed on beaches, as 

sand moves from subtidal areas onto beaches in the summer and is eroded off of beaches and 

accumulates in shallow subtidal regions in winter. In the Ventura region, a different pattern occurred, 

with erosion dominating in both summer and winter due to progressive deflation of the Santa Clara 

River delta, although the seasonal effects of sediment exchange with the adjacent beaches still were 

visible in winter losses that were smaller than summer losses. Average annual volume differences for 

the entire study area were negative for all years due largely to the effects of losses from the Santa Clara 

River delta (fig. 4.18). Outside of the Ventura region, average annual volume changes were negative for 

the first two analyses (-4.2 m3/m for October 2005 to October 2006 and -20.6 m3/m for March 2006 to 

February 2007), positive for the subsequent two analyses (4.7 m3/m for October 2006 to October 2007 

and 21.2 m3/m for February 2007 to February 2008), and slightly negative for the fifth analysis (-3.2 

m3/m for October 2007 to October 2008. The magnitudes of the negative and positive differences were 

nearly equal, resulting in only a small average loss (-4.7 m3/m) in most of the study area from October 

2005 to October 2008. 

Ellwood/Isla Vista/Goleta 

The Ellwood/Isla Vista/Goleta (E/IV/G) region is complex, with a dune-backed beach at 

Ellwood that is exposed to significant wave energy from the west, a rocky shelf fronting Isla Vista, and 

a sheltered, nearly east-facing beach fronting UC Santa Barbara that becomes progressively more 

exposed as it becomes south-facing at Goleta (Appendix C, fig. C2). Depths of closure in the E/IV/G 

region vary from 2.0 to 10.6 m, with the deepest values off of Ellwood, shallow to moderate and highly 

variable values off of Isla Vista, and shallow to moderate but relatively consistent values in the sheltered 
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region offshore of UCSB and Goleta Beach (fig. 4.12; table 4.12). Seasonal subtidal volume differences 

mostly were positive in the winter and negative in the summer, with the average for the region ranging 

from -17.2 to 14.1 m3/m (table 4.13). Consistent seasonal shifts were evident in several areas, with lines 

44-49 in the Ellwood area frequently showing substantial accretion in the winter and erosion in the 

summer, and a number of smaller regions throughout the area (for example, around lines 6, 25-29, and 

35) showing similar behavior (fig. 4.14). Annual subtidal volume differences mostly were less than 50 

m3/m, with the average for the region ranging from -17.1 to 7.6 m3/m (table 4.14). A local peak in 

erosion offshore of the small beach at the west end of Isla Vista (lines 37-39) is evident from October 

2005 to October 2006, followed in the subsequent year by accretion of comparable magnitude. 

Additionally, there was an unusual juxtaposition of accretion and erosion peaks off of Goleta Beach 

(lines 4-8) from October 2005 to October 2006; this area showed little change in the subsequent year but 

then showed the reverse of the first-year pattern in the third year (fig. 4.19). For the entire study period, 

profiles in the Goleta area were characterized by slight losses averaging -4.2 m3/m. 

Carpinteria  

The Carpinteria region includes the Sandyland coast, where the SBLC coastline shifts from 

predominantly south-facing to more southwest-facing Carpinteria Beach, which has a history of erosion 

(Barnard and others, 2007; Revell and others, 2008), and the section of coastline between Carpinteria 

and Rincon (Appendix C; fig. C5). Depths of closure in the Carpinteria region vary from 3.7 to 7.9 m, 

with moderate to shallow values off Sandyland and around the point at the west end of Carpinteria 

beach, with steadily deeper values moving eastward along Carpinteria beach to near-maximum values at 

lines 9 and 10. Values shallow abruptly at the east end of the beach and along the first portion of the 

ensuing rocky coastline, but deepen again at line 4 and remain at moderate to deep depths at lines 1 to 3 

(fig. 4.12; table 4.12). Seasonal volume differences mostly were positive in the winter and negative in 
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the summer, with the average for profiles in the region ranging from -44.8 to 38.8 m3/m (table 4.13). 

The area off the central portion of Carpinteria Beach (lines 10-19) showed substantial accretion during 

the winter and erosion during the summer, except in winter 2006 when almost no change was observed. 

Lines 26-33 off of Sandyland beach, at and immediately north of the point at the west end of Carpinteria 

Beach, also showed mostly accretion during the winter and erosion during the summer, but local (line to 

line) variability was higher. Lines 1-5 in the section of coastline between Carpinteria and Rincon also 

appear to have experienced winter accretion and summer erosion, but fewer surveys were conducted in 

that area, making it difficult to examine patterns (fig. 4.15). Annual volume differences mostly were less 

than 50 m3/m, with the average for lines in the region ranging from -27.3 to 38.1 m3/m (table 4.14). A 

broad peak in erosion offshore of Carpinteria Beach at lines 9-20 is evident from March 2006 to 

February 2007, persisting into the next overlapping year (October 2006–October 2007) due to the lack 

of accretion noted previously in winter 2006. However, net accretion in the area in February 2007–

February 2008 roughly balanced erosion seen in the previous year and was still visible in the October 

2006–October 2007 data (fig. 4.20). For the entire study period, profiles in the Carpinteria area were 

characterized by slight losses averaging -5.0 m3/m. 

Rincon Parkway  

The Rincon region contains mostly southeasterly trending coastline interrupted by 3 prominent 

points that provide shelter to downdrift southerly- to southeasterly-facing coastline segments (Appendix 

C, fig. C8). Nearshore processes in this area also are impacted strongly by coastal armoring that protects 

Highway 101, which prevents beach development in this area. Depth-of-closure and volume-change 

results in this area are limited, and results are less robust than in other areas for a number of reasons: the 

area was not included in the first two surveys (table 4.1), not all lines were surveyed on subsequent 

dates, and radio coverage in the area is spotty making it difficult to obtain good RTK corrections to GPS 
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positions. Depth of closure values in the region vary from 1.8 to 7.7 m, with the deepest values at lines 

28–30 along the exposed section of coastline downdrift of Solimar. Values throughout the rest of the 

region are moderate and show no obvious pattern relative to coastline geometry (fig. 4.12). Average 

seasonal volume differences were positive in winter 2006 and slightly negative in the ensuing summer, 

but no clear line-specific or regional patterns are evident in the data (fig. 4.16). The annual volume 

difference from October 2006 to October 2007 was positive (average 18.5 m3/m), with local peaks in 

accretion around lines 12 and 25, and possibly line 34, all of which are immediately in the lee of points. 

One peak in erosion was seen at line 30 (fig. 4.21). The annual volume difference from October 2007 to 

October 2008 also was slightly positive at 3.6 m3/m, but many of the regions characterized by accretion 

and erosion in 2006-2007 had reversed by 2007-2008 (fig. 4.21). Because the Rincon area was not 

surveyed in the first year of the program, data from this area can not be compared directly to the 3-year 

record available from other areas. However, it is notable that from October 2006 to October 2008 lines 

in the Rincon area generally appear to have been accumulating sediment at a modest rate, while lines in 

Goleta and Carpinteria showed slight net losses. 

Ventura/Santa Clara River Mouths  

The Ventura/Santa Clara River Mouths region includes a complex reach of coastline where 

coastline orientation shifts from predominantly southwest-facing to nearly west-facing. Two major 

rivers discharge in the region, the Ventura River in the north (~line 30) and the Santa Clara River in the 

south (~line 8). The point at the Ventura River discharge shelters an adjacent downdrift segment of 

south-facing beach (lines 23-25), and the Ventura Harbor is located immediately north of the Santa 

Clara River, between lines 15 and 16 (Appendix C, fig. C11). Depth of closure values in the region vary 

from 4.0 to 11.3 m or more and are noticeably deeper than in most of the rest of the study area, with 

most values deeper than 6 m and an overall average of 8.4 m. Values off of the Santa Clara River delta 
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may be even deeper as significant variability in profiles occurred even at the deepest portions of the 

profiles measured (Appendix C). Deep DOC values off of the Ventura River mouth (lines 28-35) 

shallow fairly rapidly to the east to the shallowest value in the region at line 23, in the sheltered region 

in the lee of the point, then deepen steadily to around 10 m near Ventura Harbor. Depth of closure 

values off of the Santa Clara River mouth and to the south mostly are in the 8—10 m range (fig. 4.12; 

table 4.12).  Both winter and summer seasonal volume differences averaged across the region were 

negative, but values were less negative in winter (-7.1 to -25.3 m3/m) than in summer (-45.3 to -123 

m3/m), indicating seasonal exchange with adjacent beaches superimposed on an overall erosional trend 

(table 4.13). Most of the erosion occurred on the Santa Clara River delta where several profiles lost 250 

to 500 m3/m in the winters of 2005, 2006, and 2007, and 50 to 250 m3/m in the summers of 2006 and 

2007 (fig. 4.17). Seasonal volume changes greater than 100 m3/m also were observed on a number of 

lines downdrift of the Santa Clara River delta and around Ventura Harbor (lines 15 and 16). More 

modest seasonal accretion and erosion similar to that observed in other portions of the study area were 

observed on lines north of the Ventura River (lines 34-39) and on lines 17-20 north of Ventura Harbor. 

Lines 22-25, in the lee of the point at the Ventura River Mouth, generally showed erosion in the winter 

and accretion in the summer, the opposite of the pattern observed at most other sites in the study area. 

Seasonal volume changes on lines on the Ventura River delta (lines 26-33) were comparable in 

magnitude to the relatively modest changes seen throughout most of the study area and exhibited no 

clear seasonal pattern, with one large erosional peak on line 31 in February – October 2008 that may be 

due to bad bathymetry data (Appendix C). Annual volume differences in the region overall were much 

higher than in other regions, but values for individual lines mostly were less than 100 m3/m, with the 

average for all lines in the region ranging from -51.4 to -127.8 m3/m (table 4.14). Erosion losses from 

lines on the Santa Clara River delta were much larger than anywhere else in the region, commonly 
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exceeding 300 m3/m, and with some losses as high as 670 m3/m (table 4.14; fig. 4.22). Lines to the 

south (downdrift) of the eroding delta showed significant accretion from March 2006 – February 2008, 

suggesting that eroded delta sediments may have accumulated in this region before being transported 

out of the area. Annual volume differences at lines 15 and 16, on either side of Ventura Harbor, mostly 

were on the order of 100 m3/m or more, and generally were positive, indicating net accretion in this area 

consistent with the trapping effect expected by the design of the harbor entrance. The area off of the 

Ventura River Mouth (~lines 28-33) showed consistent erosion, but magnitudes generally were much 

smaller than off the Santa Clara River, typically 50 – 150 m3/m per year. Annual volume differences up- 

and down-drift of the Ventura River generally were very small (fig. 4.22). During the entire study 

period, lines in the Ventura/Santa Clara River Mouths region lost an average of -280 m3/m, with lines 

on the Santa Clara River delta losing up to 1,600 m3/m. 

Mugu Canyon  

Bathymetric profiles in the Mugu Canyon area were collected in October 2007 and October 

2008. More surveys would be required to estimate depth of closure values and profile-volume changes 

in this area as little change was seen in cross-shore profiles during this one-year period (Appendix C). 

Some changes were seen in alongshore profiles 78-80, including possible accretion and erosion in line 

78 and a roughly 200 m shift in the position of the deep trench approaching shore in line 79. These 

changes suggest possible reorganization of sediments around the head of the offshore submarine canyon 

without significant regional erosion or accretion in this time period. 

Offshore Wave Conditions (2005-2008) 

Between October 2005 and October 2008, the regional offshore-wave climate, as measured by 

the Coastal Data Information Program Harvest Buoy (Station 071; Scripps Institute of Oceanography, 

2008), varied considerably, with wave heights ranging from less than 1 m to nearly 10 m (fig. 4.23). 
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There does not appear to be considerable year-to-year variability in the bulk statistics—the mean winter 

(October 1 to March 30) offshore significant wave height ranged from 2.35 to 2.62 m; if the entire water 

year is considered (October 1 to September 30), the mean values range from 2.14 to 2.32 m (table 4.15). 

Year-to-year mean values are also similar for offshore peak period and direction. The greatest 

variability in wave height is seen if extreme values are considered. The winters of 2004/05 and 2005/06 

each have only two recorded significant wave-height values greater than 6 m, with each record 

indicating the peak of a storm event, while the winter of 2006/07 has numerous values greater than 6 m 

from three discrete storm events, with several records greater than 8.5 m. Although the winter of 

2007/08 does not have the highest mean significant wave height, four discrete storm events produced 

wave heights greater than 6 m, and wave heights from one event in February of 2008 approached 10 m 

(fig. 4.23). Thus, while the mean wave parameters from year to year did not vary greatly, the magnitude 

and frequency of storm events appear to have increased during the study period. The relative prevalence 

of large storm events during the winter of 2007/08 may explain the erosion observed at the regional 

beaches. 

Conclusions 

• Shoreline change since the 1997-98 El Niño is negligible in the SBLC, although locally there 

have been pockets of considerable accretion and lesser amounts of erosion. 

• Between 1997 and 2005, the highest rates of accretion were measured just updrift of the Santa 

Barbara Harbor (3 m/yr) and at the mouth of the Santa Clara River (8.1 m/yr). 

• Between 1997 and 2005, the highest rates of erosion were measured on the beach adjacent to 

Mugu Canyon, at up to -11.4 m/yr. 

• Regional beach slope suggests dominantly reflective conditions, but conditions can be 

influenced locally by shore-protection structures. 
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• From 2005 to 2008, all-terrain vehicle beach mapping at Ellwood/Isla Vista/Goleta, Carpinteria, 

and Ventura shows that the shoreline was retreating at each of the three sites, with rates ranging 

from ~1 m/yr in Carpinteria to 6.3 m/yr in Ventura. 

• From 2005 to 2008, shoreline-retreat rates locally exceeded 40 m/yr at the Santa Clara River 

mouth, likely due to a rapid return to equilibrium after the large winter 2004-2005 flood built the 

shoreline seaward more than 100 m. 

• From 2005 to 2008, a trend of beach steeping was observed at each site, except at the mouth of 

the Santa Clara River. 

• From 2005 to 2008, typical seasonal patterns of beach loss in the winter and recovery in the fall 

were observed at each focus area, except at the Santa Clara River mouth from October 2005 to 

March 2006. 

• From 2005 to 2008, despite rapid shoreline-retreat rates, the beach south of the Santa Clara 

River gained more than 200,000 m3 of sediment. 

• From 2005 to 2008, Goleta County Beach experienced unusual beach steeping from winter to 

fall each year. 

• From 2005 to 2008, repeated cross-shore bathymetric surveys suggest depth-of-closure values 

from 1.8 to 11.3 m or more, with the deepest values occurring on the Santa Clara River delta. 

Values in most areas are between 2 and 8 m. 

• From 2005 to 2008, semiannual bathymetry measurements from areas other than the 

Ventura/Santa Clara River study area show relatively modest (typically on the order of 10 to 50 

m3/m) seasonal and annual volume changes. Subtidal seasonal changes occur primarily as 

accretion during the winter and erosion during the summer, with only a slight net loss (average -

4.7 m3/m) in profiles during the study period. 
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• In the Santa Clara River delta area, bathymetric profiles collected from 2005 to 2008 show 

erosional losses both seasonally and annually, indicating continuing deflation of the delta 

following the major input of flood sediments in January 2005. Sediment losses from the delta 

from 2005 to 2008 were much larger than anywhere else in the study region, commonly 

exceeding 400 m3/m per year. 

• Offshore-wave statistics from 2005 to 2008 show no significant mean wave-height changes, but 

very large waves (>6 m) occurred more frequently in the last two winters of the study, which 

could explain the higher beach-erosion rates observed at the focus sites during this time period. 
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Table 4.1. Survey dates and data collected for the 5 focus areas. [T, topography data collected; B bathymetry data 
collected; dashes indicate no data] 
 

 
Oct 
2005 

Mar 
2006 

Oct 
2006 

Feb 
2007 

Oct 
2007 

Feb 
2008 

Oct 
2008 

Site T B T B T B T B T B T B T B 
Ellwood/IslaVista/Goleta x x x x x x x x x x x x x x 
Carpinteria x x x x x x x x - x x x x x 
Rincon Parkway - - - - - x - x - x - x - x 
Ventura/Santa Clara River Mouths x x x x x x x x x x x x x x 
Mugu Canyon - - - - - - - - - x - - - x 
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Table 4.2. Mean high water (MHW) shoreline-change statistics for the Santa Barbara littoral cell (SBLC), April 1998 
to October  2005. 
 

  
Change, 
in m/yr 

Total  
change, 

in m 
All transects 
Average 0.9 7.1 
Maximum 31.4 235.6 
Minimum -11.4 -85.6 
Standard Dev. 3.4 25.3 
Excluding Santa Clara River area 
Average 0.5 4.0 
Maximum 13.3 99.7 
Minimum -11.4 -85.6 
Standard Dev. 2.2 16.2 
North of Santa Clara River 
Average 0.5 3.5 
Maximum 8.8 65.8 
Minimum -9.8 -73.9 
Standard Dev. 1.6 12.1 
South of Santa Clara River 
Average 2.9 21.8 
Maximum 31.4 235.6 
Minimum -11.4 -85.6 
Standard Dev. 6.5 48.9 
Santa Clara River area 
Average 8.1 60.6 
Maximum 31.4 235.6 
Minimum -5.2 -39.2 
Standard Dev. 8.6 64.8 
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Table 4.3. Shoreline-change statistics for 100-m spaced shore-normal transects in the Ellwood/Isla Vista/Goleta 
study area. [Topographic data are from ATV surveys conducted from 2005 to 2008 (Table 4.1), except for October 
2005 where Lidar data was used due to its greater accuracy and more extensive coverage area. The end point rate 
(EPR) was calculated using only the October 2005 and 2008 shorelines, and the linear regression rate (LRR) was 
calculated using only October shorelines. MSL, mean sea level; MHW, mean high water] 
 

 
Range,  

in m 
Total change, 

in m 
EPR,  

in m/yr 
LRR,  

in m/yr 
  MSL MHW MSL MHW MSL MHW MSL MHW 

 All Ellwood/Isla Vista/Goleta transects 
Mean 22.3 21.6 -6.8 -3.8 -2.3 -1.3 -1.4 -0.4 
Max 82.2 81.2 8.7 11.4 2.9 3.8 23.9 20.0 
Min 0.2 0.3 -24.3 -29.2 -8.1 -9.7 -6.8 -6.5 
Std. Dev. 14.8 13.8 7.4 8.9 2.5 3.0 3.3 3.2 
Ellwood (transects 1 - 127) 
Mean 20.5 19.0 -4.6 1.1 -1.5 0.4 -2.0 0.8 
Max 43.9 31.2 5.3 11.4 1.8 3.8 1.7 4.6 
Min 0.2 8.1 -19.6 -19.4 -6.5 -6.5 -6.8 -6.5 
Std. Dev. 9.2 4.7 6.7 8.0 2.2 2.7 2.4 2.9 
Isla Vista (transects 128 - 261) 
Mean 22.2 22.0 -9.9 -6.9 -3.3 -2.3 -1.5 -1.2 
Max 66.5 73.7 1.5 9.3 0.5 3.1 23.9 5.7 
Min 2.5 0.3 -20.8 -20.8 -6.9 -6.9 -6.7 -6.0 
Std. Dev. 13.7 16.1 6.1 8.5 2.0 2.8 4.3 2.9 
Goleta (transects 262 - 422) 
Mean 23.9 23.5 -4.3 -4.2 -1.4 -1.4 -0.9 -0.3 
Max 82.2 81.2 8.7 9.2 2.9 3.1 3.6 20.0 
Min 0.9 2.3 -24.3 -29.2 -8.1 -9.7 -5.6 -5.2 
Std. Dev. 19.5 16.1 7.9 8.5 2.6 2.8 2.0 3.4 
Goleta Beach (transects 321 - 355) 
Mean 15.7 19.3 -4.4 -4.7 -1.5 -1.6 -1.0 -0.8 
Max 26.8 32.8 5.6 7.2 1.9 2.4 3.5 4.3 
Min 4.1 8.2 -18.7 -18.7 -6.2 -6.2 -5.6 -5.1 
Std. Dev. 4.9 5.3 7.8 7.9 2.6 2.6 2.5 2.6 
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Table 4.4. Vertical- and volume-change statistics for the Ellwood/Isla Vista/Goleta study area from ATV 
topographic surveys conducted from 2005 to 2008. [The October 2005 Lidar was substituted for the October 2005 
ATV data due to its greater accuracy and more extensive coverage area. Surface area is the overlapping region 
surveyed between the two surveys being analyzed] 

 

Mean 
elevation  
change, 

in m 

Surface 
area, 
in m2 

Shoreline  
length, 
in m 

Total 
volume 
change, 
in m3 

Total 
volume 
change, 
in m3/m 

Entire beach - Seasonal 
Oct 05 to Mar 06 -0.39 154,892 3,235 -60,732 -19 
Mar 06 to Oct 06 0.56 137,664 3,303 76,866 23 
Oct 06 to Feb 07 -0.34 281,316 7,424 -96,287 -13 
Feb 07 to Oct 07 0.53 226,076 6,434 120,548 19 
Oct 07 to Feb 08 -0.64 170,256 6,500 -109,608 -17 
Feb 08 to Oct 08 0.37 184,388 7,211 67,991 9 
Annual 
Oct 05 to Oct 06 -0.08 273,244 7,988 -22,833 -3 
Mar 06 to Feb 07 0.19 160,920 3,237 31,211 10 
Oct 06 to Oct 07 0.25 222,328 6,337 55,664 9 
Feb 07 to Feb 08 -0.16 234,896 7,532 -38,593 -5 
Oct 07 to Oct 08 -0.36 192,468 6,347 -70,073 -11 
Total change 
Oct 05 to Oct 08 -0.20 249,912 7,211 -48,777 -7 
      
Ellwood - Seasonal  
Oct 05 to Mar 06 -0.48 38,960 335 -18,776 -56 
Mar 06 to Oct 06 0.92 15,288 335 14,116 42 
Oct 06 to Feb 07 -0.51 74,896 1,755 -38,173 -22 
Feb 07 to Oct 07 0.69 27,848 657 19,175 29 
Oct 07 to Feb 08 -1.12 13,804 657 -15,459 -24 
Feb 08 to Oct 08 0.80 54,764 1,550 43,929 28 
Annual 
Oct 05 to Oct 06 -0.07 81,944 2,303 -5,871 -3 
Mar 06 to Feb 07 0.45 16,060 335 7,228 22 
Oct 06 to Oct 07 0.19 31,220 657 5,868 9 
Feb 07 to Feb 08 -0.25 62,544 1,755 -15,669 -9 
Oct 07 to Oct 08 -0.08 27,464 657 -2,326 -4 
Total change 
Oct 05 to Oct 08 -0.02 78,540 1,550 -1,423 -1 
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Table 4.4. (cont.) Vertical- and volume-change statistics for the Ellwood/Isla Vista/Goleta study area from ATV 
topographic surveys conducted from 2005 to 2008. [The October 2005 Lidar was substituted for the October 2005 
ATV data due to its greater accuracy and more extensive coverage area. Surface area is the overlapping region 
surveyed between the two surveys being analyzed] 
 

 

Mean 
elevation  
change 

in m 

Surface 
area 
in m2 

Shoreline  
length 
in m 

Total 
volume 
change 
in m3 

Total 
volume 
change 
in m3/m 

Isla Vista - Seasonal 
Oct 05 to Mar 06 -0.82 7,932 285 -6,482 -23 
Mar 06 to Oct 06 0.84 8,992 519 7,524 14 
Oct 06 to Feb 07 -0.28 94,156 3,220 -26,716 -8 
Feb 07 to Oct 07 0.43 94,076 3,293 40,327 12 
Oct 07 to Feb 08 -0.30 74,568 3,293 -22,671 -7 
Feb 08 to Oct 08 0.10 67,480 3,293 6,732 2 
Annual      
Oct 05 to Oct 06 -0.33 100,240 3,236 -33,336 -10 
Mar 06 to Feb 07 0.01 9,152 418 117 0 
Oct 06 to Oct 07 0.19 94,668 3,231 18,120 6 
Feb 07 to Feb 08 0.11 83,816 3,293 9,134 3 
Oct 07 to Oct 08 -0.15 86,572 3,293 -12,960 -4 
Total change      
Oct 05 to Oct 08 -0.35 92,856 3,293 -32,264 -10 
      
Goleta - Seasonal 
Oct 05 to Mar 06 -0.33 107,952 2,615 -35,180 -13 
Mar 06 to Oct 06 0.48 113,372 2,449 54,550 22 
Oct 06 to Feb 07 -0.28 112,136 2,449 -31,310 -13 
Feb 07 to Oct 07 0.59 104,016 2,484 61,254 25 
Oct 07 to Feb 08 -0.88 81,796 2,550 -71,892 -28 
Feb 08 to Oct 08 0.29 62,084 2,368 17,794 8 
Annual      
Oct 05 to Oct 06 0.17 90,860 2,449 15,753 6 
Mar 06 to Feb 07 0.17 135,704 2,484 23,742 10 
Oct 06 to Oct 07 0.33 96,244 2,449 32,047 13 
Feb 07 to Feb 08 -0.37 88,476 2,484 -32,434 -13 
Oct 07 to Oct 08 -0.70 78,304 2,397 -55,178 -23 
Total change      
Oct 05 to Oct 08 -0.19 78,384 2,368 -15,215 -6 
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Table 4.5. Beach slope (mean sea level to mean high water) statistics for the Ellwood/Isla Vista/Goleta study area 
from the ATV topographic surveys conducted from 2005 to 2008. [The October 2005 Lidar data was substituted for 
the October 2005 ATV data due to its greater accuracy and more extensive coverage area. All values are in 
percent] 
 

All Ellwood/Isla Vista/Goleta  Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 5.9 8. 2 7.3 7.4 9.1 6.1 8.5 7. 1 7.2 7.1 
Maximum 25.2 66.9 79 .0 64.9 39.1 18.9 28.8 39 .0 30.3 39.0 
Minimum 1.1 0. 9 2.0 2.0 2.1 1.4 3.4 3. 1 1.9 0.9 
Std. Deviation 1.9 8. 5 7.9 6.7 6.3 2.3 3.6 3. 0 3.1 4.2 
           
Ellwood (Transects 1 - 127) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 4.9 14 .9 3.4 5.5 6.4 6.3 8.9 5.8 5.5 6.7 
Maximum 8.4 66 .9 8.9 31.5 28.6 18.9 16.2 13.3 10.3 25.2 
Minimum 2.8 3. 3 2.1 2.2 3.4 3.4 3.5 3. 1 2.8 3.1 
Std. Deviation 1.0 20 .2 1.6 5.5 5.0 2.8 2.9 1.6 1.4 4.1 
           
Isla Vista (Transects 128- 261) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 5.6 13 .6 6.1 6.5 7.1 6.3 8.2 7.0 6.8 6.8 
Maximum 13.3 39.0 14 .4 15.9 28.2 15.7 28.8 39 .0 13.7 39.0 
Minimum 3.5 4. 6 2.2 2.7 3.4 3.4 3.7 4. 1 3.9 3.0 
Std. Deviation 1.6 12 .0 2.3 3.0 4.6 1.9 3.7 3.4 2.0 3.8 
           
Goleta (Transects 262 - 422) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 7.0 6. 8 12.1 10.3 12.4 5.6 8.4 8. 3 8.9 7.5 
Maximum 25.2 32.3 79 .0 64.9 39.1 9.5 24.5 25 .2 30.3 32.3 
Minimum 1.1 0. 9 2.3 2.0 2.2 1.4 3.4 4. 5 4.7 0.9 
Std. Deviation 2.2 3. 7 11.8 9. 6 6.9 2.1 3.8 3. 2 3.8 4.6 
           
Goleta Beach (Transects 321 - 355)       Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 7.4 6. 6 8.8 7.6 15.3 4.6 8.4 8. 3 9.9 6.3 
Maximum 8.7 13 .0 15.7 17 .6 25.2 8.7 15.6 12.2 15.1 14.0 
Minimum 2.6 2. 7 2.3 3.0 7.7 2.5 4.2 5. 0 5.9 2.7 
Std. Deviation 1.3 2. 3 3.5 3.9 5.4 1.6 2.2 1. 8 2.2 2.3 
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Table 4.6. Shoreline-change statistics for 100-m spaced shore-normal transects in the Carpinteria study area. 
[Topographic data are from ATV surveys conducted from 2005 to 2008 (Table 4.1), except for October 2005 where 
Lidar data was used due to its greater accuracy and more extensive coverage area. The end point rate (EPR) was 
calculated using only the October 2005 and 2008 shorelines, and the linear regression rate (LRR) was calculated 
using only October shorelines. MSL, mean sea level; MHW, mean high water] 
 

 
Range,  

in m 
Total change, 

in m 
EPR,  

in m/yr 
LRR,  

in m/yr 
  MSL MHW MSL MHW MSL MHW MSL MHW 

 All Carpinteria 
Mean 17.2 11.4 -6.1 -2.1 -2.0 -0.7 -2.4 -1.2 
Max 37.6 28.9 18.8 8.8 6.3 2.9 6.0 1.7 
Min 2.3 0.9 -17.3 -9.9 -5.8 -3.3 -6.3 -3.9 
Std. Dev. 7.4 7.1 6.1 5.1 2.0 1.7 2.1 1.6 
City Beach (Transects 76 to 92) 
Mean 27.0 24.5 -10.5 -7.5 -3.5 -2.5 -3.8 -2.8 
Max 32.5 28.9 -8.9 -2.4 -3.0 -0.8 -3.3 -1.2 
Min 20.0 19.3 -13.2 -9.5 -4.4 -3.2 -4.5 -3.6 
Std. Dev. 3.5 2.2 1.2 1.9 0.4 0.6 0.3 0.6 
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Table 4.7. Vertical- and volume-change statistics for the Carpinteria study area from ATV topographic surveys 
conducted from 2005 to 2008. [The October 2005 Lidar was substituted for the October 2005 ATV data due to its 
greater accuracy and more extensive coverage area. Surface area is the overlapping region surveyed between the 
two surveys being analyzed] 
 

 

Mean 
elevation  
change, 

in m 

Surface 
area, 
in m2 

Shoreline  
length, 
in m 

Total 
volume 
change, 
in m3 

Total 
volume 
change, 
in m3/m 

Entire beach - Seasonal 
Oct 05 to Mar 06 -0.49 131,896 2,677 -64,753 -24 
Mar 06 to Oct 06 0.54 141,632 2,677 76,078 28 
Oct 06 to Feb 07 -0.21 176,496 3,400 -37,601 -11 
Feb 08 to Oct 08 0.37 105,412 2,847 38,725 14 
Annual 
Oct 05 to Oct 06 0.10 175,556 4,011 17,923 4 
Mar 06 to Feb 07 0.27 139,589 2,047 37,689 18 
Feb 07 to Feb 08 -0.20 103,620 2,210 -20,694 -9 
Total change 
Oct 05 to Oct 08 -0.22 132,212 2,837 -29,505 -10 
      
City Beach - Seasonal  
Oct 05 to Mar 06 -0.64 27,844 410 -17,882 -44 
Mar 06 to Oct 06 0.66 30,752 410 20,319 50 
Oct 06 to Feb 07 -0.21 30,212 410 -6,405 -16 
Feb 08 to Oct 08 0.61 22,944 410 13,983 34 
Annual 
Oct 05 to Oct 06 0.06 27,832 410 1,742 4 
Mar 06 to Feb 07 0.40 34,456 410 13,919 34 
Feb 07 to Feb 08 -0.48 24,912 410 -12,060 -29 
Total change 
Oct 05 to Oct 08 -0.39 27,012 410 -10,646 -26 
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Table 4.8. Beach slope (mean sea level to mean high water) statistics for the Carpinteria study area from the ATV 
topographic surveys conducted from 2005 to 2008. [The October 2005 Lidar data was substituted for the October 
2005 ATV data due to its greater accuracy and more extensive coverage area. All values are in percent] 
 

All Carpinteria  Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 4.7 9.1 4.9 7. 6 NaN 8.0 7.2 6. 1 5.3 7.8 
Maximum 22.8 43.9 17.9 35 .5 NaN 31 .6 21.7 22 .8 22.8 28.5 
Minimum 2.1 2.5 2.1 1. 6 NaN 3.6 3.0 2. 7 2.7 1.6 
Std. Deviation 1.7 6.4 2.1 4. 9 NaN 4.2 3.4 2. 3 1.9 3.8 
           
City Beach (Transects 76 to 92) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 4.5 9.4 5.9 9. 1 NaN 5.6 6.2 6. 8 5.5 8.0 
Maximum 5.1 13.8 17.9 15.8 NaN 8. 8 10.0 8. 8 8.8 12.7 
Minimum 3.7 4.8 3.8 4. 2 NaN 3.6 4.5 4. 7 4.2 4.5 
Std. Deviation 0.4 3.0 3.6 4. 4 NaN 1.3 1.5 1. 1 1.2 2.1 
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Table 4.9. Shoreline-change statistics for 100-m spaced shore-normal transects in the Ventura study area. 
[Topographic data are from ATV surveys conducted from 2005 to 2008 (Table 4.1), except for October 2005 where 
Lidar data was used due to its greater accuracy and more extensive coverage area. The end point rate (EPR) was 
calculated using only the October 2005 and 2008 shorelines, and the linear regression rate (LRR) was calculated 
using only October shorelines. MSL, mean sea level; MHW, mean high water] 
 

 
Range,  

in m 
Total change, 

in m 
EPR,  

in m/yr 
LRR,  

in m/yr 
  MSL MHW MSL MHW MSL MHW MSL MHW 

 All Ventura 
Mean 41.2 41 .2 -13.8 -16.4 -4.6 -5.5 -5.5 -6.3 
Max 144.9 141.2 61 .8 65.6 20.6 21.9 18.7 19 .3 
Min 0.4 1. 1 -132.5 -132.7 -44.2 -44.2 -42.6 -45.3 

Std. Dev. 34.3 37 .3 42.0 46.8 14 .0 15.6 13.5 15.7 

North of Ventura Harbor (Transects 1-265) 
Mean 22.2 16.0 -7.1 -4.9 -2.4 -1 .6 -2.8 -1.5 
Max 54.4 52 .4 11.1 12.0 3.7 4.0 3.8 3.9 
Min 1.3 1. 7 -32.0 -33.7 -10.7 -11.2 -10.9 -9.9 

Std. Dev. 10.4 11 .0 11.0 10.2 3.7 3.4 3.4 3.2 

South of Ventura Harbor (Transects 266-499) 
Mean 54.9 58 .5 -21.0 -24.0 -7.0 -8.0 -8.3 -9.6 
Max 144.9 141.2 61 .8 65.6 20.6 21.9 18.7 19 .3 
Min 0.4 1. 1 -132.5 -132.7 -44.2 -44.2 -42.6 -45.3 

Std. Dev. 38.7 39 .2 58.6 58.6 19 .5 19.5 18.9 19.6 

Santa Clara River Mouth (Transects 330-385) 
Mean 102.1 10 5.1 -99.0 -100.6 -33.0 -33.5 -32.7 -34.8 
Max 144.9 14 1.2 -48.3 -33.1 -16.1 -11.0 -17.6 -10.8 
Min 12.9 33 .1 -132.5 -132.7 -44.2 -44.2 -42.6 -45.3 

Std. Dev. 34.4 29 .2 24.5 29.4 8.2 9.8 8.0 10.2 
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Table 4.10. Vertical- and volume-change statistics for the Ventura study area from ATV topographic surveys 
conducted from 2005 to 2008. [The October 2005 Lidar was substituted for the October 2005 ATV data due to its 
greater accuracy and more extensive coverage area. Surface area is the overlapping region surveyed between the 
two surveys being analyzed] 

 

Mean 
elevation  
change, 

in m 

Surface 
area, 
in m2 

Shoreline  
length, 
in m 

Total 
volume 
change, 
in m3 

Total 
volume 
change, 
in m3/m 

Entire beach - Seasonal 
Oct 05 to Mar 06 0.18 544,668 8,183 99,276 12 
Mar 06 to Oct 06 0.29 429,720 7,856 124,683 16 
Oct 06 to Feb 07 -0.35 211,020 3,119 -74,446 -24 
Feb 07 to Oct 07 0.25 170,188 3,032 42,552 14 
Oct 07 to Feb 08 -0.34 219,492 5,498 -74,105 -13 
Feb 08 to Oct 08 0.18 295,848 6,199 52,954 9 
Annual 
Oct 05 to Oct 06 0.32 603,872 8,691 194,186 22 
Mar 06 to Feb 07 -0.06 212,840 3,259 -13,520 -4 
Oct 06 to Oct 07 -0.25 285,364 6,295 -72,613 -12 
Feb 07 to Feb 08 0.12 131,148 3,160 15,109 5 
Oct 07 to Oct 08 -0.14 325,512 6,647 -44,439 -7 
Total change 
Oct 05 to Oct 08 0.29 566,904 8,658 165,744 19 
      
Ventura North - Seasonal 
Oct 05 to Mar 06 -0.21 224,780 3,355 -48,160 -14 
Mar 06 to Oct 06 0.26 186,176 3,202 48,466 15 
Oct 06 to Feb 07 -0.35 211,020 3,119 -74,602 -24 
Feb 07 to Oct 07 0.25 170,188 3,032 42,923 14 
Oct 07 to Feb 08 -0.17 123,772 3,089 -21,077 -7 
Feb 08 to Oct 08 0.13 135,520 3,560 17,406 5 
Annual 
Oct 05 to Oct 06 -0.03 256,244 3,716 -8,768 -2 
Mar 06 to Feb 07 -0.07 212,840 3,259 -14,075 -4 
Oct 06 to Oct 07 -0.13 163,960 3,604 -21,735 -6 
Feb 07 to Feb 08 0.12 131,148 3,160 15,636 5 
Oct 07 to Oct 08 -0.10 184,296 3,603 -17,980 -5 
Total change 
Oct 05 to Oct 08 -0.18 265,604 3,753 -48,647 -13 
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Table 4.10. (cont.) Vertical- and volume-change statistics for the Ventura study area from ATV topographic surveys 
conducted from 2005 to 2008. [The October 2005 Lidar was substituted for the October 2005 ATV data due to its 
greater accuracy and more extensive coverage area. Surface area is the overlapping region surveyed between the 
two surveys being analyzed] 
 

 

Mean 
elevation  
change 

in m 

Surface 
area 
in m2 

Shoreline  
length 
in m 

Total 
volume 
change 
in m3 

Total 
volume 
change 
in m3/m 

Ventura South - Seasonal 
Oct 05 to Mar 06 0.45 319,888 4,828 144,577 30 
Mar 06 to Oct 06 0.32 243,544 4,654 79,112 17 
Oct 06 to Feb 07 N/A N/A 0 N/A N/A 
Feb 07 to Oct 07 N/A N/A 0 N/A N/A 
Oct 07 to Feb 08 -0.55 95,720 2,409 -52,987 -22 
Feb 08 to Oct 08 0.22 160,328 2,639 35,536 13 
Annual       
Oct 05 to Oct 06 0.59 347,628 4,975 203,985 41 
Mar 06 to Feb 07 N/A N/A 0 N/A N/A 
Oct 06 to Oct 07 -0.41 121,404 2,691 -49,995 -19 
Feb 07 to Feb 08 N/A N/A 0 N/A N/A 
Oct 07 to Oct 08 -0.19 141,216 3,044 -26,604 -9 
Total change       
Oct 05 to Oct 08 0.71 301,300 4,905 213,853 44 

 

 

 

 

 

 

 

 

 

 



 113

Table 4.11. Beach slope (mean sea level to mean high water) statistics for the Ventura study area from the ATV 
topographic surveys conducted from 2005 to 2008. [The October 2005 Lidar data was substituted for the October 
2005 ATV data due to its greater accuracy and more extensive coverage area. All values are in percent] 
 

All Ventura  Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 

Mean 7.1 7.0 6.7 11 .3 6. 3 11.6 6.7 7.8 7.2 10.5 
Maximum 36.5 24.1 56.2 57 .7 13 .6 31.9 15.1 36.5 36.5 31.9 
Minimum 1.0 2.7 0.8 3. 5 2. 8 1.5 2.9 1.3 1.3 1.5 
Std. Deviation 3.5 3.2 5.3 8. 5 2. 5 6.3 2.4 3.3 3.4 5.4 
           
North of Ventura Harbor (Transects 1-265) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 6.3 6.6 4.2 11 .3 6. 3 11.1 5.7 7.5 6.5 10.0 
Maximum 36.5 24.1 56.2 57 .7 13 .6 31.0 15.1 36.5 36.5 25.4 
Minimum 1.3 2.7 1.7 3. 5 2. 8 3.9 2.9 1.3 1.3 4.4 
Std. Deviation 3.9 3.0 5.3 8. 5 2. 5 5.0 2.1 3.7 3.9 4.1 
           
South of Ventura Harbor (Transects 266-499) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 8.0 8. 0 8.3 NaN NaN 12.3 7.9 8.3 8.0 11.3 
Maximum 26.5 16.7 24.7 NaN NaN 31 .9 14.2 18 .1 16.3 31.9 
Minimum 1.0 2. 7 0.8 NaN NaN 1.5 3.3 4.0 2.7 1.5 
Std. Deviation 2.8 3. 7 4.6 NaN NaN 7.9 2.2 2.7 2.5 6.9 
           
Santa Clara River Mouth (Transects 330-385) Mean 
  Oct05 Mar06 Oct06 Feb07 Oct07 Feb08 Oct08 All Fall Winter 
Mean 9.8 5. 9 10.9 NaN NaN 12.1 9.4 10.5 10.0 12.4 
Maximum 26.5 11.4 24.7 NaN NaN 31 .9 14.2 18 .1 16.3 31.9 
Minimum 1.0 2. 7 5.7 NaN NaN 1.5 5.7 5.3 5.7 1.5 
Std. Deviation 3.3 2. 6 4.5 NaN NaN 8.5 2.1 2.9 2.3 8.2 
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Table 4.12. Depth of closure (DOC) statistics for each region and for the study area as a whole. [DOCs were not 
calculated for Mugu Canyon due to insufficient replication (n=2). Depths are in meters]  
 

Area 
Number 
of lines 

Mean 
DOC 

Minimum 
DOC 

Maximum 
DOC 

Ellwood/IslaVista/Goleta 55 4.74 2.01 10.56 
Carpinteria 33 5.72 3.72 7.92 
Rincon Parkway 28 4.67 1.75 7.72 
Ventura/Santa Clara River  39 8.40 3.96 11.32 

All Areas 155 5.85 1.75 11.32 
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Table 4.13. Seasonal bathymetric profile volume-change statistics. [Volume changes are in m3/m] 
Goleta 

 10/05-3/06 3/06-10/06 10/06-2/07 2/07-10/07 10/07-2/08 2/08-10/08 
Maximum 77.2 33 .7 50 .8 75 .1 98 .6 45 .7 
Minimum -114.1 -9 5.9 -5 6.0 -7 8.3 -4 7.9 -6 0.6 
Mean 13.5 -1 7.2 1.3 -6.3 14.1 -1 6.6 
Median 7.4 -1 5.4 6.2 -9.2 19.0 -21.9 
Std Deviation 33.8 25 .4 19 .6 28 .5 34 .9 29 .9 
Std Error 5.2 3. 4 2. 6 3. 8 5. 8 5. 0 
n 43 56 56 55 36 35 
% positive 65% 25 % 57 % 44 % 69 % 37 % 

Carpinteria 
Maximum 77.2 -0.7 62 .9 99 .5 124.0 10.6 
Minimum -11.6 -7 8.4 -1 6.8 -9 8.5 -5 4.3 -138.9 
Mean 32.3 -3 7.2 15.9 -1 3.3 38.8 -44.8 
Median 19.8 -2 9.3 13.8 -3 4.8 23.1 -44.2 
Std Deviation 27.4 22 .9 21 .5 63 .7 59 .1 28.3 
Std Error 5.1 4. 2 3. 8 19.2 17.1 5.4 
n 29 30 32 11 12 28 
% positive 93% 0% 75% 45 % 75 % 4% 

Rincon 
Maximum   83.9 67.5   
Minimum   -63.5 -63.1   
Mean   15.1 -2.4   
Median       
Std Deviation   34.1 31.2   
Std Error   6.4 5.9   
n   13 15   
% positive   77 % 53%   

Ventura 
Maximum 255.7 21 6.1 19 9.1 19 7.2 33 1.5 125.05 
Minimum -383.5 - 160.4 - 406.3 - 268.9 - 196.2 -472.8 
Mean -8.6 -47.8 -2 5.3 -4 5.3 -7.1 -123.04 
Median -16.2 -4 6.5 3.8 -3 6.3 -1 4.6 -87.00 
Std Deviation 129.0 67 .8 123.5 104.1 97 .0 143.08 
Std Error 20.7 10 .8 19 .8 16 .7 15 .5 22.91 
n 35 39 38 38 37 36 
% positive 49% 10 % 53 % 34 % 43 % 8% 

All sites 
Maximum 255.7 21 6.1 19 9.1 19 7.2 33 1.5 125.1 
Minimum -383.5 - 160.4 - 406.3 - 268.9 - 196.2 -472.8 
Mean 11.4 -3 1.6 -1.3 -1 9.1 8.5 -63.3 
Median 13.8 -2 6.1 8.25 -11.9 15.8 -38.0 
Std Deviation 79.0 44 .7 68 .6 67 .5 72 .5 100.1 
Std Error 7.6 4. 0 5. 8 6. 2 7. 9 10.1 
n 107 12 5 13 9 11 9 85 99 
% positive 68% 14 % 62 % 42 % 59 % 17 % 
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Table 4.14. Annual and 3-year bathymetric profile volume-change statistics. [Volume changes are in m3/m] 
Goleta 

 10/05-10/06 3/06-2/07 10/06-10/07 2/07-2/08 10/07-10/08 10/05-10/08 
Maximum 88.5 22 .0 102.2 65.3 72.0 69.7 
Minimum -112.9 -76.0 -6 0.5 -4 2.2 -99.2 -67.6 
Mean -2.7 -1 7.1 -1.3 7.6 -8.6 -4.2 
Median -4.8 -1 8.2 -1.1 8.1 -8.2 -4.3 
Std Deviation 33.0 19.8 27 .7 22 .6 33.0 27.2 
Std Error 5.0 2.7 3. 7 3. 8 4.8 4.7 
n 43 55 56 36 47 34 
% positive 44% 16% 46 % 69 % 38 % 38% 

Carpinteria 
Maximum 37.4 30 .5 114.0 108.3 99.8 75.0 
Minimum -56.3 -87.3 -8 9.4 -2 9.2 -85.3 -108.5 
Mean -6.5 -2 7.3 0.7 38.1 0.9 -5.0 
Median -6.6 -2 5.2 -0.6 38.6 -20.6 -4.1 
Std Deviation 18.3 31.3 64 .3 33 .3 63.2 34.9 
Std Error 3.4 5. 8 18.6 6.2 18.2 6.7 
n 29 29 12 29 12 27 
% positive 24% 17% 50 % 90 % 42% 48% 

Rincon 
Maximum   111.0  127.7  
Minimum   -101.7  -98.3  
Mean   18.5  3.6  
Median   23.4  4.5  
Std Deviation   42.9  42.0  
Std Error   8.1  7.7  
n   28  30  
% positive   71 %  57 %  

Ventura 
Maximum 189.8 178.3 31 7.3 20 8.0 99.7 110.4 
Minimum -669.8 -497.7 - 650.7 - 373.9 -584.1 -1568.8 
Mean -70.0 -51.4 -6 3.9 -5 2.2 -127.8 -278.2 
Median -43.5 -2 2.2 0.9 -19.0 -102.7 -137.1 
Std Deviation 160.2 138.3 21 1.2 13 5.0 147.7 398.7 
Std Error 27.1 22.4 33 .8 22 .5 24.3 68.4 
n 35 38 39 36 37 34 
% positive 29% 34% 51 % 42 % 16 % 12% 

All sites 
Maximum 189.8 178.3 31 7.3 20 8.0 127.7 110.4 
Minimum -669.8 -497.7 - 650.7 - 373.9 -584.1 -1568.8 
Mean -25.8 -3 0.2 -15.1 -4.9 -39.8 -80.9 
Median -9.7 -19.55 1. 9 13 .9 -16.0 -11.3 
Std Deviation 98.5 80 .4 121.2 90.9 103.5 243.4 
Std Error 9.5 7. 3 10.4 9.0 9.2 22.0 
n 107 122 13 5 10 1 126 122 
% positive 33% 23% 53 % 65 % 36 % 35% 
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Table 4.15. Offshore-wave statistics for the 2005-2008 study period. [Hs, significant wave height; Tp, peak period; 
Dp, peak direction] 
 

Water year means (10/1-9/30) 
Year Hs(m) St dev Hs (m) Tp (s) Dp (°) 

2004/2005 2.14 0.80 12.09 286.29 
2005/2006 2.32 0.84 12.19 287.63 
2006/2007 2.28 0.95 11.62 292.57 
2007/2008 2.28 0.94 12.02 283.02 
       

Winter means (10/1-3/30) 
Year Hs(m) St dev Hs (m) Tp (s) Dp (°) 

2004/2005 2.35 0.83 13.08 290.72 
2005/2006 2.62 0.91 13.28 293.35 
2006/2007 2.47 1.09 12.71 295.88 
2007/2008 2.55 1.02 13.16 286.99 
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Figure 4.1. Mean high water (MHW) shoreline-change rate in the SBLC from the 1998 and 2005 Lidar surveys. A, 
survey area with inset of Ventura/Santa Clara River Area. B, plot of shoreline-change rate versus alongshore 
distance from Point Conception, raw, and 1-km moving average. 
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Figure 4.2. Beach slope (Mean sea level to mean high water) in the SBLC from the 2005 Lidar survey. A, survey 
area with inset of Rincon and Santa Clara River area. B, plot of alongshore distance from Point Conception versus 
beach slope, raw, and 1-km moving average. 
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Figure 4.3. Shoreline change for the Ellwood/Isla Vista/Goleta study area from ATV topographic surveys 
conducted from 2005 to 2008. A, maximum range (all surveys) and total change (October 2005 to October 2008) 
for the mean sea level (MSL) and mean high water (MHW) shoreline proxies. B, end point and linear regression 
shoreline-change rates. Alongshore distance is kilometers from Point Conception. The October 2005 Lidar data 
was substituted for the October 2005 ATV data due to its greater accuracy and more extensive coverage area. See 
table 4.3 for the shoreline-analysis summary. 
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Figure 4.4. Map view of the linear regression shoreline-change rates calculated using October mean high water 
shorelines from 2005 to 2008 in the Ellwood/Isla Vista/Goleta study area. 
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Figure 4.5. Beach slope (mean sea level to mean high water) in the Ellwood/Isla Vista/Goleta study area from ATV 
topographic surveys conducted from 2005 to 2008. Alongshore distance is kilometers from Point Conception. The 
October 2005 Lidar data was substituted for the October 2005 ATV data due to its greater accuracy and more 
extensive coverage area. See table 4.5 for the slope-analysis summary. 
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Figure 4.6. Shoreline change for the Carpinteria study area from ATV topographic surveys conducted from 2005 to 
2008. A, maximum range (all surveys) and total change (October 2005 to October 2008) for the MSL and MHW 
shoreline proxies. B, end point and linear regression shoreline-change rates. Alongshore distance is kilometers 
from Point Conception. The October 2005 Lidar data was substituted for the October 2005 ATV data due to its 
greater accuracy and more extensive coverage area. See Table 4.6 for the shoreline-analysis summary. 
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Figure 4.7. Map view of the linear regression shoreline-change rates calculated using October mean high water 
shorelines from 2005 to 2008 in the Carpinteria study area. 
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Figure 4.8. Beach slope (mean sea level to mean high water) in the Carpinteria study area from ATV topographic 
surveys conducted from 2005 to 2008. Alongshore distance is kilometers from Point Conception. The October 2005 
Lidar data was substituted for the October 2005 ATV data due to its greater accuracy and more extensive coverage 
area. See table 4.8 for the slope-analysis summary. 
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Figure 4.9. Shoreline change for the Ventura study area from ATV topographic surveys conducted from 2005 to 
2008. A, maximum range (all surveys) and total change (October 2005 to October 2008) for the mean sea level 
(MSL) and mean high water (MHW) shoreline proxies. B, end point and linear regression shoreline-change rates. 
Alongshore distance is kilometers from Point Conception. The October 2005 Lidar data was substituted for the 
October 2005 ATV data due to its greater accuracy and more extensive coverage area. See table 4.9 for the 
shoreline-analysis summary. 
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Figure 4.10. Map view of the linear regression shoreline-change rates calculated using October mean high water 
shorelines from 2005 to 2008 in the Ventura study area. 
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Figure 4.11. Beach slope (mean sea level to mean high water) in the Ventura study area from ATV topographic 
surveys conducted from 2005 to 2008. Alongshore distance is kilometers from Point Conception. The October 2005 
Lidar data was substituted for the October 2005 ATV data due to its greater accuracy and more extensive coverage 
area. See table 4.11 for the slope-analysis summary. 
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Figure 4.12. Depth of closure in the Santa Barbara littoral cell focus areas from Coastal Profiling System 
bathymetry data. Selected line numbers are shown for reference. 
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Figure 4.13. Seasonal volume changes in cross-shore bathymetry profiles in the Santa Barbara littoral cell focus 
areas.  
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Figure 4.14. Seasonal volume changes in cross-shore bathymetry profiles for the Goleta focus area. Selected line 
numbers are shown for reference. 
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Figure 4.15. Seasonal volume changes in cross-shore bathymetry profiles for the Carpinteria focus area. Selected 
line numbers are shown for reference. 
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Figure 4.16. Seasonal volume changes in cross-shore bathymetry profiles for the Rincon focus area. Selected line 
numbers are shown for reference. 
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Figure 4.17. Seasonal volume changes in cross-shore bathymetry profiles for the Ventura/Santa Clara river 
mouths focus area. Selected line numbers are shown for reference. 
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Figure 4.18. Annual volume changes in cross-shore bathymetry profiles in the Santa Barbara littoral cell (SBLC) 
focus areas. 
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Figure 4.19. Annual volume changes in cross-shore bathymetry profiles for the Goleta focus area. Selected line 
numbers are shown for reference.
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Figure 4.20. Annual volume changes in cross-shore bathymetry profiles for the Carpinteria focus area. Selected 
line numbers are shown for reference. 
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Figure 4.21. Annual volume changes in cross-shore bathymetry profiles for the Rincon focus area. Selected line 
numbers are shown for reference. 
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Figure 4.22. Annual volume changes in cross-shore bathymetry profiles for the Ventura/ Santa Clara river mouths 
focus area. Selected line numbers are shown for reference. 
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Figure 4.23. Offshore wave parameters during the study period (2005-2008) from the Coastal Data Information 
Program Harvest Buoy (Scripps, 2008). A, Significant wave height (Hs); B, Peak period (Tp), C, Peak direction 
(Dp). 
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Chapter 5—Grain-Size Analysis 

By Neomi Mustain and Patrick L. Barnard 

Introduction 

An extensive surficial and shallow-subsurface sampling program was conducted on the beaches 

and nearshore in the SBLC to identify potential grain-size compatibility between nearshore and onshore 

sites for potential beach-nourishment investigations. Sediment grain size was established using both 

grab samples and USGS-developed bed-sediment cameras. Box coring that penetrated up to 20 cm was 

done following surface sampling in the nearshore to ground truth camera-derived grain-size data, as 

well as to determine if there is consistency between surface and shallow-subsurface grain size.  

The surficial grain-size work presented here is from Mustain (2007), Mustain and others (2007), 

Barnard, Revell, and others (2007), and Barnard, Rubin, and others (2007). The work in all of these 

publications was at least partially supported by BEACON. These reports can be downloaded at: 

http://walrus.wr.usgs.gov/coastal_processes/sbventura/links.html 

This chapter provides a summary of the surficial grain-size work described in the above publications. 

Methods 

Bed-Sediment Cameras 

The field survey was designed to collect samples along a cross-shore profile from the beach face 

and the nearshore at 5, 10, and 20 m water depth (that is, within the economic dredging limit), with 

transects spaced at least every kilometer alongshore throughout the entire SBLC (fig. 5.1). To compare 

seasonal grain-size variations, winter (March 2006 and February 2007) and fall (October 2006) beach 

samples were collected at a higher spatial resolution along the Ellwood/Isla Vista/Goleta, Carpinteria, 

http://walrus.wr.usgs.gov/coastal_processes/sbventura/links.html
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and Ventura shorelines (fig. 5.2). The Carpinteria results are described in detail in Barnard, Revell, and 

others (2007) at http://pubs.usgs.gov/of/2007/1412/. 

Two different Eyeball camera systems were used to collect digital-image samples. Beach-face 

samples were collected with the Beachball camera, a 5-megapixel digital camera encased in a 

waterproof housing (fig. 5.3; Rubin and others, 2006). To sample the beach, the camera is placed flush 

against the sediment, which is illuminated by a ring of LED lights. Camera settings, such as aperture, 

shutter speed, zoom, focus, and pixel resolution of the image, are held constant. Nearshore samples were 

collected with the underwater Eyeball version, the Flying Eyeball, which is a video camera illuminated 

by LED lights encased in a wrecking ball (fig. 5.3; Rubin and others, 2006). Live video is reviewed on 

deck while the instrument is repeatedly raised and lowered to the seafloor to collect digital video 

samples. The clearest frames of video are then captured as still images and processed for grain size (fig. 

5.4). For both systems, multiple images are taken at each location and later averaged to produce a grain-

size result. Images that do not pass quality-control checks (for example, those that are overexposed, out 

of focus, or contain a coarse lag deposit, uneven sediment surface or air bubbles) are not included. 

Images are processed by running a Matlab script that uses a spatial autocorrelation algorithm 

developed by Rubin (2004) that was extensively tested in the SBLC in Barnard, Rubin, and others 

(2007). This algorithm determines the correlation (as measured by pixel intensities) between a pixel and 

subsequent pixels at increasing distances. Grain size of an image is then interpolated by comparing the 

spatial autocorrelation result to a calibration matrix (fig. 5.5). The calibration matrix contains spatial 

autocorrelation results of calibrated sample images and was produced by imaging ¼ phi-interval sieved 

sediment collected from throughout the study area with the same equipment and camera settings as used 

in the field. In addition, for Flying Eyeball samples, point-counted images were also used to produce the 

calibration matrix. Each calibration matrix created is valid only for sediment of similar size, shape, and 

http://pubs.usgs.gov/of/2007/1412/
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mineralogy as the sediment initially sieved and imaged. A full description of the procedures for 

extracting grain size in this manner can be found in Mustain (2007). Barnard, Rubin, and others (2007) 

showed a more than 90 percent correlation with mean grain size determined with the autocorrelation 

method compared to point counting. In the SBLC, 576 images were taken at 192 beach-sample 

locations, and 1,590 images were taken from 318 nearshore sites. 

Box Coring 

Samples were extracted using a Naval Electronics Laboratory-style spade box corer equipped 

with a removable box (fig 5.6). The corer weighs 1,500 lbs and measures 20 cm deep by 30 cm wide by 

42.5 cm high. Total depth of penetration, however, due to the predominantly sandy substrate, rarely 

exceeded 20 cm. When the core is recovered to the ship’s deck, the box is detached, the seawater is 

drained, and the box is opened. The sediment surface is photographed, and one wall of the box is peeled 

off and a picture of the sediment cross-section is taken (fig. 5.7). The quality of the water in the box and 

the sediment surface is recorded, along with other important characteristics (for example, bioturbation, 

storm layers, oxidation state). Subsamples for grain-size analysis were extracted approximately every 5 

cm vertically. Grain size was determined using a laser Coulter Counter for laser-diffraction particle-size 

analysis. Forty-seven sites were visited, and 123 sediment samples were extracted. Water depths at 

sampling sites ranged from 5 to 21 m (fig. 5.8). 

Results 

The key grain-size parameters of every sample measured in this study can be found in Appendix 

D. The mean grain size of 93 summer beach-face samples taken from throughout the SBLC ranged from 

0.15 to 0.42 mm (fine- to medium-grained sand; fig. 5.9). The mean of one sample, just north of the Port 

Hueneme Harbor, was 0.58 mm, or coarse sand. The average of all samples was 0.26 mm. In most 
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cases, grab samples were very well sorted. Samples were also normally distributed, so mean and median 

values were essentially the same. Thus, beach samples are well represented by the mean. The finest 

sediment on the beach (d10) varied from location to location, but followed the mean well (that is, when 

the mean increased so did d10). Very fine-grained sand was not found on the beach in any significant 

amount anywhere throughout the cell (fig. 5.9).  

Seasonal beach-face samples were collected throughout the focus area beaches of Ellwood/Isla 

Vista/Goleta, Carpinteria, and Ventura. Mean grain sizes of summer beach samples were smaller than 

winter beach samples throughout the focus study areas and varied by as much as a factor of two or more 

(fig. 5.10). On average, in Goleta and Carpinteria, grain size fluctuated from medium sand to fine sand, 

while in Ventura grain size fluctuated from a coarser-grained medium sand to a finer-grained medium 

sand. 

Throughout the SBLC, 318 nearshore locations (water depths less than 20 m) were examined, 

although some areas were cobble or bedrock reefs, which did not allow for grain-size determination. 

Mean grain size was determined for about 100 samples at each water depth (5, 10, and 20 m). Grain size 

generally decreased moving from the beach offshore (fig. 5.11). Only 2 percent of all samples were 

medium sand, 28 percent were fine sand and 70 percent were very fine sand or smaller. The coarsest 

samples were found in shallow depths: 78 percent of all samples coarser than very fine sand were 

located in 5 m water depth. Only 10 percent of Flying Eyeball samples in 10 or 20 m water depth (20 

samples) were coarser than very fine sand. Some of these coarser, deep samples were located near major 

headlands, such as Point Conception and Point Mugu, near exposed reefs, such as west of Coal Oil 

Point and off Sand Point in Carpinteria, or offshore of rivers and streams, such as Gaviota Creek and 

Rincon Creek. Samples coarser than very fine sand not located near headlands were likely to be fine 
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sand (92 percent) rather than medium or coarse sand (8 percent). Grab samples were mostly well sorted, 

but occasionally were very well sorted or moderately sorted. 

Figure 5.12 shows a surficial-sediment grain-size map of the Santa Barbara Channel that was 

created with regional data from the usSEABED database (Reid and others, 2006), beach and nearshore 

data from this study, and various nearshore cores collected by Noble Consultants (1989). The majority 

of offshore sediments are very fine-grained or smaller; relatively coarser sediments are mostly found 

only in the very nearshore and on the beach. A few locations, for example, those along the western edge 

of the Santa Barbara Channel, indicate coarser sediment (fine and medium sands) further offshore; 

however, these areas are represented by very few sediment samples, so this depiction of coarser 

sediment could be an artifact of the interpolation method. 

The median grain size (d50) of all the box-core subsamples averaged 0.095 mm (very fine sand), 

with a maximum of 0.72 mm and a minimum of 0.015mm (fig. 5.13). Of the 123 subsamples from the 

box cores, only 4 (~3 percent) contained median grain size that was comparable to the average of the 

beach samples (that is, 0.26 mm or greater), and only 10 samples (~ 8 percent) exceeded the finest mean 

grain size found on the adjacent beaches (0.15 mm or greater). Three of the four coarsest samples, with 

median grain sizes of 0.72, 0.32, and 0.29 mm, are offshore of the Santa Barbara Harbor (samples 

SB117, SB-A2, and SB-A1, respectively); the fourth, with a median grain size of 0.32 mm, is just south 

of Oil Piers (sample SB196B). Of the remaining samples with a median grain size greater than 0.15 

mm, only two are found outside of the Santa Barbara Harbor or Oil Piers areas: one offshore of Goleta 

Beach (sample SB84, d50=0.20 mm) and one offshore of Hueneme Beach (sample SB295, d50=0.15 

mm). Further, most samples decrease sharply with depth, such as at Oil Piers where surface samples 

from SB196B and SB198 decrease from 0.32 and 0.18 mm at the surface to 0.17 and 0.15 mm just 5 cm 

below the surface, respectively. It should also be noted that the coarse samples off the Santa Barbara 
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Harbor contain large volumes of shell debris, as a result the larger grain sizes may not be reflective of 

larger mineral grains. 

Discussion 

Overall, nearshore surface sediments in the SBLC are generally fine-grained and thus are not 

suitable for beach-nourishment projects. Although it is possible that coarser sediments may exist in the 

subsurface, the mean grain sizes of samples from sediment cores and box cores were almost always 

equivalent to, or finer than, surficial samples and surficial Eyeball analysis, indicating that surface 

samples are commonly consistent with shallow subsurface sediments.  

The coarsest offshore sediments are found in 5 m water depth, within the depth of closure or area 

of active seasonal offshore/onshore transport (see Chapter 4). Deeper offshore sediments are mostly 

very fine-grained sands, or even finer. Some coarser deposits exist in deeper water, for example, 

offshore Naples, Coal Oil Point, the Santa Barbara Mesa, and Carpinteria, but it is unclear whether they 

are part of a thick deposit of suitable nourishment material, or simply a thin, coarser deposit within 

bedrock/reef pockets. Offshore Rincon Point-Mussel Shoals and Gaviota, relatively coarser sediments 

were found; these sites require further investigation. 

Of the potential borrow sites identified prior to this study, the deposits off Santa Barbara Harbor 

seem most likely to contain potential beach-compatible sand. Together with previously collected cores, 

this current analysis confirms that coarser sediments suitable for beach nourishment probably do not 

exist in large quantities along the previously identified potential borrow areas offshore Goleta and 

Carpinteria, or the large deposit offshore Ventura and Oxnard. Surface sampling and box coring do 

suggest that the Oil Piers region might be another site for further investigation. The Santa Clara River 

delta was poorly sampled due to high swell conditions, but massive amounts of sediment were deposited 

in this region during the 2004-2005 winter flood (see chapters 3 and 4), so it is possible that coarser 
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sediment exists at depth in this region, and the sheer volume of sediment deposited warrants further 

investigation. 

Conclusions 

• The mean grain size of swash samples in the Santa Barbara littoral cell is 0.26 mm (range 0.15 to 

0.58 mm), with a littoral cut-off diameter of 0.125 mm. 

• Out of 318 nearshore sample locations, only 2 percent contained mean grain sizes that exceeded 

fine sand (>0.25 mm). 

• Only 3 percent of the nearshore box-core samples collected equaled or exceeded the mean grain 

size of the swash samples. 

• Based on the sampling results of this project, the most promising sites for further investigation 

of potentially large volumes of beach-compatible sediment would be off Santa Barbara Harbor 

and Oil Piers. 

• The volume of beach-sized sediment off the Santa Clara River mouth is potentially high, but 

poorly resolved. 
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Figure 5.1. Locations of beach-face samples collected with the Beachball camera and nearshore samples in 5, 10, 
and 20 m water depth collected with the Flying Eyeball camera . 
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Figure 5.2. Locations of summer nearshore samples, summer kilometer-spaced samples, and seasonal beach-
face samples collected at A, Goleta/Isla Vista; B, Carpinteria; and C, Ventura beaches. 
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Figure 5.3. A, Beachball camera—digital camera encased in waterproof housing. B, Flying Eyeball—video camera 
encased in wrecking ball. 
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Figure 5.4. A, Beachball camera image and processed image in grayscale, cropped from center and rescaled. B, 
Flying Eyeball camera image and processed image cropped from center and rescaled. 
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Figure 5.5. A, Beachball and B, Flying Eyeball calibration matrices. Legends show grain size in millimeters. 
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Figure 5.6. Box corer used in this study. 
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Figure 5.7. Surface and lateral views of sample box core from offshore of Santa Barbara Harbor.  
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Figure 5.8. Box-core sample locations. 
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Figure 5.9. A, Location of regional beach-face samples. B, Beach-face mean grain size (mm) and grab-sample 
finest (d10). Sample locations are specified by distance from Point Conception. 
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Figure 5.10. Seasonal beach-face grain size. A, Goleta/Isla Vista. B, Carpinteria. C, Ventura. Note different scales. 
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Figure 5.11. A, Locations of all surficial-sediment samples. B, Beach-face and nearshore (5, 10, and 20 m water 
depth) sediment grain size results. Sample locations are plotted in B as distance from Point Conception. 
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Figure 5.12. Surface-sediment map, Santa Barbara Channel. Data from this study, usSEABED (Reid and others, 
2006), and BEACON (Noble Consultants, 1989). Grain sizes in legend are in mm.  

 

 

Figure 5.13. Box-core sample results.  
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Chapter 6— The Impacts of Debris Basins on Sediment Delivery to the Santa 

Barbara Littoral Cell, California 

By Jonathan A. Warrick 

Abstract 

An assessment was made of the impacts of debris basins in the Santa Ynez Mountain coastal 

watershed on the littoral-grade sediment discharge into the Santa Barbara littoral cell by using Santa 

Barbara County Public Works Department records of basin maintenance. These records were also used 

to calculate and extrapolate sediment-yield estimates from the controlled watersheds to the entire coastal 

drainage basin. It was found that debris-basin maintenance has removed 1.3 to 2.0 million m3 of 

sediment between 1969 and 2005, the majority (~85 percent) of which was permanently removed from 

the downstream fluvial and littoral systems through disposal or reuse. Grain-size samples of debris-

basin sediment and of  the beaches from the Santa Barbara littoral cell suggest that 60 to 80 percent of 

the removed sediment is coarser than the littoral cutoff diameter (D50 = 0.125 mm), suggesting that most 

of this sediment would be appropriate for the beach. The total average littoral-grade sediment discharge 

from the entire Santa Ynez Mountain coastal drainage was estimated to range between 110,000 and 

300,000 m3/yr; rates that are reduced by ~15 percent, or 15,000 to 40,000 m3/yr, due to debris-basin 

maintenance. The total littoral-grade sediment discharge from creeks would account for ~40 percent to 

over 100 percent of the supply of littoral sediment passing the Santa Barbara Harbor. Thus, significant 

amounts of littoral sediment are produced from the small watersheds of the Santa Ynez Mountains, and 

debris-basin maintenance has significant effects on these fluxes.   
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Introduction 

Sediment fluxes into littoral systems are important for maintaining coastal sediment budgets, 

which in turn influence patterns of coastal change (Komar, 1996; Willis and Griggs, 2003). Rivers can 

be important sediment sources to littoral systems, and modifications to river watersheds can alter the 

erosion and transport of sediment through and/or from rivers (Trimble, 1981; Meade, 1982; Warrick and 

Rubin, 2007). Land-use and river-channel modifications can either increase or decrease these fluxes of 

sediment based on the nature, scale, and duration of the modifications (Trimble, 1999). Global 

inventories of rivers show that total sediment production from the landscape increased during the 20th 

century due to land-use modifications and enhanced erosion, while fluxes from rivers decreased due to 

the effects of large dams (Syvitski and others, 2005).   

Physical alterations to river flow, such as dams and debris basins, can reduce sediment fluxes by 

sedimentation within reservoirs and alteration of the rate and volume of streamflow downstream, which 

modifies sediment transport capacity (Williams and Wolman, 1984; Graf, 1999). It is clear that large 

dams have had significant effects on sediment transport in many river systems, and many of these 

changes are influencing coastal sediment budgets (Willis and Griggs, 2003; Yang and others, 2007; 

Syvitski and others, 2005).  The effects of small control structures, such as debris basins, are generally 

less well understood than dams, primarily due to a lack of data. Debris basins, unlike large dams, may 

not be well maintained or monitored, can have a broad range of sediment-trap efficiencies, and may or 

may not significantly alter downstream streamflow. However, debris basins deserve increased attention 

due to the large number of these small structures, especially in small coastal drainages (Sherman and 

others, 2002; Willis and Griggs, 2003).   

In this chapter, the effects of debris basins on sediment fluxes are examined for the small coastal 

watersheds of the Santa Ynez Mountains that drain directly into the Santa Barbara littoral cell (SBLC), 
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California (fig. 6.1). Although these structures are generally small, they capture ~13 percent of the total 

coastal watershed area and reduce sediment inputs to the littoral cell. The purpose of this chapter is 

twofold. First, using historical records an estimate of the quantity of sediment accumulated within and 

removed from these structures over time is made. Second, using these rates an assessment is made of the 

long-term sediment losses by these structures, and of the long-term sediment yield from the entire Santa 

Ynez Mountain watershed, for which little sediment-yield information exists (Warrick and Mertes, in 

press). As shown below, much of the data for these analyses has been provided by the Santa Barbara 

County Public Works Department (SBCPWD).   

Santa Barbara Littoral Cell 

The SBLC extends along the coastal portion of the Transverse Ranges of southern California 

(fig. 6.1). Due to the west-east orientation of this portion of coast and the predominant swell direction 

from the west, littoral transport is strongly eastward, as shown by historical observations and dredging 

records at the Santa Barbara Harbor (Inman and Frautschy, 1965; Patsch and Griggs, 2006). Although 

Point Conception may be the northern extent of the SBLC (fig. 6.1B), there is continued debate about 

the relative influence of sediment transport from northward around the point (Pollard, 1979). 

Unfortunately, few data currently exist to quantify sediment transport around Point Conception, and few 

data exist to quantify the relative sediment contributions from the Santa Ynez Mountain creeks, which 

may or may not provide ample local sediment supplies. On the southern end of the SBLC, large 

sediment inputs are provided by the Ventura and Santa Clara Rivers. The SBLC ends in the Hueneme 

and Mugu submarine canyons (fig. 6.1).    

In this chapter we will consider the small, coastal creek watersheds that drain the Santa Ynez 

Mountains, and discharge directly into the SBLC, to evaluate the sediment contributions of these creeks 

(fig. 6.1B).  The Santa Ynez Mountains are part of the larger Western Transverse Ranges (fig. 6.1A), 
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which are a tectonically-active and semiarid region with high rates of denudation (Scott and Williams, 

1978; Inman and Jenkins, 1999; Warrick and Mertes, in press). Rapid uplift, ranging from ~1 to >5 

mm/yr, is suggested for the Santa Ynez Mountains and the Western Transverse Ranges, which deforms 

the Cenozoic sedimentary bedrock of the region (Putnam, 1942; Fall, 1981; Rockwell and others, 1984; 

Duvall and others, 2004).   

Land use in the Santa Ynez Mountain drainages is largely open space, mostly consisting of 

coastal chaparral. Human uses include rangeland, agriculture, and urban areas, although these activities 

are generally carried out in the lower, and less steep, portions of the drainage basins. Average annual 

precipitation ranges from ~60 cm in the upper Santa Ynez Mountains to ~40 cm near sea level, a result 

of orographic effects, but annual precipitation can vary by many fold and is influenced strongly by the 

El Niño-Southern Oscillation (ENSO; Andrews and others, 2004; Warrick and Mertes, in press).  The 

seasonal and interannual variation in rainfall produces ephemeral, and occasionally torrential, discharge 

in the region’s creeks (Beighley and others, 2003).  

Erosion processes in the Western Transverse Range are complex because they include–in 

approximate order of importance–mass movements, dry ravel, stream-bank erosion, and sheet flow 

(Rice and Foggin, 1971; Taylor, 1981; Rice, 1982; Hill and McConaughy, 1988; Raphael and others, 

1995; Lave and Burbank, 2004). The alteration of land cover by humans, especially the conversion of 

native chaparral to nonnative grasses for rangeland, has been suggested to increase soil erosion and rates 

of landsliding in the region (Cole and Liu, 1994; Gabet and Dunne, 2002; Pinter and Vestal, 2005).   

Wildfire has influenced the rates of erosion in the study area, and sediment yield has been shown 

to increase by more than an order of magnitude during the first winter after a wildfire, with lesser 

impacts during the subsequent 2-5 years (Rice, 1982; Florsheim and others, 1991; Keller and others, 

1997; Warrick and Rubin, 2007). This increased potential for erosion can cause mass movements of soil 
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and rock, which may induce hazardous debris flows in channels downstream, potentially endangering 

life and structures in the flow pathway. Although wildfire is known to have dramatic effects on short-

term erosion rates and potential for hazards, investigations in the Eastern Transverse Range (fig. 6.1A) 

have shown that over the long-term (that is, lengths of time greater than the fire recurrence interval of 

~40 yrs), wildfire increases sediment yield by only 10-20 percent of unburned yields (Taylor, 1981; 

Lave and Burbank, 2004).   

However, it is the potential for post-wildfire hazards, such as debris flows, that has led to the 

construction of numerous debris basins in the more populated sections of the Santa Ynez Mountains 

drainage basins (fig. 6.1C; table 6.1). Although debris basins were largely constructed downstream of 

wildfires to reduce the risks of debris-flow hazards, none has been removed after vegetation 

reestablished and risks were reduced (fig. 6.2A). Thus, there are currently 16 debris basins operated and 

maintained by the Santa Barbara County Public Works Department (SBCPWD) capturing ~104 km2 (or 

~13 percent) of the Santa Ynez Mountains drainage area. Maintenance includes the removal of sediment 

following winters with flooding events, as detailed in the Methods and Results sections below.    

Methods 

The primary method of analysis for this paper is the compilation and synthesis of sediment 

removal maintenance records for the 16 existing debris basins of the Santa Ynez Mountains. Although 

sediment removal is commonly termed “desilting,” we will refrain from using this term owing to the 

general lack of silt in these sediment stockpiles. Sediment maintenance was evaluated from internal 

SBCPWD management and monitoring documents, such as Santa Barbara County Flood Control and 

Water Conservation District (SBCFCWCD, 1990; 1996; 2001) and other unpublished documents 

provided by Karl Treiberg in 1998 and Dana Zertuche in 2008, and personal communication with these 

two senior staff of SBCPWD.  
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The sediment that settles in debris basins is excavated to provide maximum protection from 

subsequent debris-flow hazards as part of the SBCPWD maintenance program. When cleaned, basins 

are routinely excavated to approximately the original design shape and capacity. However, a 2005 

assessment of basin capacities revealed that most were smaller than the original design (table 6.1), 

suggesting either (1) basin storage was lost with time owing to sedimentation, or (2) the basins were not 

originally built to design specifications. The actual volumetric capacity of SBCPWD debris basins as of 

2005 was approximately 68 percent of the original design capacity.     

Records of maintenance activities, including the frequency, approximate amounts, and 

approximate grain size of the sediment removed, were provided by the SBCPWD. The volume of 

sediment contained within each debris basin was estimated by either visual estimates by SBCPWD 

senior staff or, more rarely, from surveys of the extent and height of the sedimentation. Grain-size 

samples were taken from short hand augers into the basin sediment and evaluated using traditional sieve 

analyses. The SBCPWD also provided records of sediment excavations from the lower channels of the 

Goleta and Carpinteria Creek watersheds (fig. 6.1C), and these data are included here to evaluate the 

implications of these activities. As discussed in the Results section below, most of the sediment 

removed in these operations is landfilled or used as fill material by private parties. 

Results  

Sediment Removal from Debris Basins  

Annual maintenance of the debris basins occurred until 1987, and as-needed maintenance has 

occurred since that time (fig. 6.2C). Major sediment-removal projects (that is, removal of near basin-

capacity volume of sediment) occurred across all existing debris basins in 1969, 1978, 1983, 1998, 

2005, and twice in 1995, which were all years with exceptional precipitation. Many basins were built in 
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response to upland wildfires as noted above, and post-fire maintenance was performed on basins 

affected by fires during the 1-2 years after a wildfire (fig. 6.2C).   

Unfortunately, detailed records of the amount of sediment removed from each basin were 

generally not kept, except during the 1996, 1998, and 2005 projects. The 1996 and 1998 estimates were 

made from visual inspections of the basins and were originally reported in percent of basin volume 

filled with sediment (K. Treitenburg, SBCPWD, pers. comm.). Using these percent-filled estimates, 

basin-cleaning projects were estimated to have removed approximately 180,000 to 260,000 m3 of 

sediment in 1996, and 200,000 to 300,000 m3 of sediment in 1998. The range in these sediment volumes 

results from the uncertainty in actual basin capacities as reported in the Methods section above.  

Topographic surveys before and after the basin cleaning in 2005 suggest that 152,000 m3 of sediment 

was removed (D. Zertuche, SBCPWD, pers. comm.).  

The sediment removed following the 1969, 1978 and 1983 seasons was not recorded, but can be 

assumed to be equivalent to the percentage of basin capacity removed in 1998, owing to the massive 

flooding and maintenance projects that occurred during these years (K. Treitenburg, SBCPWD, pers. 

comm.). The amount removed in 1995 is approximately double the 1998 rate, owing to two major 

cleaning projects during this year (K. Treitenburg, SBCPWD, pers. comm.). The lower estimate of basin 

capacity (that is, that basins have always been smaller than designed) results in conservative sediment-

removal volume estimates of 40,000 m3 in 1969, 170,000 m3 in both 1978 and 1983, and 400,000 m3 in 

1995 (fig. 6.2C).  

Basins were also cleaned as part of post-fire activities, such as the cleaning of two Maria 

Ygnacio Creek debris basins in 1991 and 1992. The volume of sediment removed during 1991 was 

estimated to be 23,000 m3 of primarily fine sand to gravel largely associated with post-fire erosion 

(Keller and others, 1997). Unfortunately, there is not adequate information to estimate the sediment 
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volumes removed from the remaining post-fire projects or from the annual maintenance that occurred 

until 1987 (K. Treitenburg, SBCPWD, pers. comm.). 

Fate of Maintenance Material  

Much of the sediment removed from the basins is given to local land owners for fill material, 

although approximately 200,000 m3 of debris-basin sediment was deposited on Goleta Beach in 1995 as 

a one-time emergency operation (fig. 6.2C). Thus, a highly conservative estimate for the total amount of 

sediment removed from stream discharge by the debris basins during 1969-2005 is 1.3 million m3, 

which includes the lower estimates of sediment removal during the 7 years of major maintenance 

programs, but excludes the sediment removed from all post-fire and annual maintenance programs.  

Only ~200,000 m3 of the removed sediment was eventually placed into the littoral zone, while the 

remaining sediment was removed from the fluvial, and hence littoral, systems. 

Sediment Grain Size  

To evaluate the potential impacts of this sediment removal on the SBLC, grain size must be 

considered. Unpublished particle-size analyses reveal that 80 to 95 percent of the sediment deposited in 

the Santa Ynez Mountain debris basins is sand size or coarser (>75 µm, K. Treiburg, SBCWRD, unpub. 

data). Most of this material is medium to fine sand, consisting primarily of particles passing the No. 30 

sieve (600 µm; black bars in fig. 6.3). An integrated sample of the Santa Monica Creek debris-basin 

sediment by Simon, Li and Associates (1994) is consistent with these unpublished SBCWRD results 

(red line, fig. 6.3). These samples are consistent with the grain sizes of sediment deposited in the low-

gradient channels of the coastal wetlands in the region discussed below (blue shading, fig. 6.3). Thus, 

sediments deposited into and cleaned from the debris basins are primarily fine sand and coarser, which 

is consistent with observations by Keller and others (1997).  An estimated littoral cutoff diameter (that 
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is, the approximate lower limit of grain size) for the sediment in the SBLC is 125 µm (Chapter 5; 

Limber and others, 2008; fig. 6.3), which suggests that 60 to 80 percent of the sediment volume trapped 

and removed from the debris basins has grain sizes compatible with the region’s beaches.  

Sediment Removal from Coastal Wetlands  

For comparative purposes it is also valuable to describe and synthesize the maintenance projects 

that remove sediment from the channels of coastal wetlands in the area.  This sedimentation in the study 

area was similarly assessed with published and unpublished reports from the SBCPWD.   

The largest coastal-wetland sediment-maintenance program is conducted by SBCPWD in the 

numerous channels of the Goleta Slough (fig. 6.1C). Most of this work consists of channel maintenance 

and dredging following winters with high discharge events to restore the channel geometry, and thus to 

reduce the potential for subsequent flooding. Recent dredging operations removed approximately 

120,000 m3 of sediment in 1991 (following the Painted Cave fire), 50,000 m3 in 1994, 300,000 m3 in 

1995, and 85,000 m3 in 1998 (K. Treitenburg, SBCPWD, pers. comm.; Keller and others, 1997).   

A compilation of the grain-size distributions of 13 sediment borings taken in 1998 of the 

sediment deposited in the Goleta Slough channels is shown in figure 6.3. Sediment deposited in these 

channels is largely fine sand and coarser, which is generally consistent with the sediment removed from 

debris basins as noted above. Because this sediment is deemed to be roughly consistent with sediment 

found on Goleta Beach, immediately adjacent to the site, most of the dredged material has been placed 

into the adjacent littoral zone. Hence, the sedimentation within the slough channels has not reduced 

inputs to the littoral cell from the Goleta Slough watersheds. Sedimentation rates in the marsh portion of 

Goleta Slough (that is, outside of the channels) have not been measured, and sediment-removal 

maintenance does not occur in these areas.   
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Dredging operations are also employed to reduce sedimentation in the channels of the 

Carpinteria Salt Marsh (fig. 6.1C). For example, during the 1998 storm season approximately 7,500 m3 

of sediment was removed from the marsh channels and placed on Carpinteria Beach. Following the 

1998 storm season, 23,000 m3 of additional sediment was removed from the marsh creeks, dried, and 

given to private land owners for fill material because much of this material did not meet the federal 

requirements of at least 80 percent sand for beach fill (K. Treitenburg, SBCPWD, pers. comm.).  

Discussion 

The maintenance of debris basins in the Santa Ynez Mountain coastal watershed impacts 

sediment delivery to the SBLC by removing sand-sized debris. As noted above, a highly conservative 

estimate for the total sediment captured by these debris basins between 1969 and 2005 is 1.3 million m3. 

Assuming that 60 to 80 percent of this sediment would be adequately coarse for the littoral cell, 0.8 to 

1.0 million m3 of littoral sediment was captured and removed due to debris-basin maintenance.   

During the 37 years of maintenance records (1969-2005), this rate of total-sediment capture is 

equivalent to an annualized sediment yield of approximately 370 m3 per km2 of watershed per year 

(m3/km2/yr). However, this estimate is biased because the first and last years of the record were flood 

years and thus had unusually high sediment accumulations. To correct for this bias, the 1930-2005 

suspended-sediment discharge estimates from the USGS stream gage at the Ventura River (USGS 

11118500) synthesized by Warrick and Mertes (in press; fig. 6.4) were compared to the debris-basin 

data. The average annual sediment load for the river during 1969-2005 is 1.22 Mt/yr, which is 156 

percent higher than the average load for the 1930-2005 record. Correcting for this level of bias produces 

an average annualized sediment yield for the Santa Ynez Mountain debris basins of approximately 230 

m3/km2/yr. 
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To evaluate the total sediment output of the Santa Ynez Mountains, it is assumed that the 

remaining Santa Ynez Mountains produce sediment yields equivalent to those interpreted from the 

debris basins, which is a conservative estimate owing to higher yields measured from some of these 

basins by Warrick and Mertes (in press). Using this assumption, the total sediment production from the 

Santa Ynez Mountain coastal watersheds is estimated to be 190,000 m3/yr.  Noting that 60 to 80 percent 

of this sediment would be littoral-cell grade sediment, it is calculated that without debris basins, 

110,000 to 150,000 m3/yr of littoral sediment would be discharged from these watersheds into the 

SBLC. This total littoral-grade sediment discharge is likely reduced by an average of 15,000 to 20,000 

m3/yr because of debris-basin maintenance.   

It must be emphasized that these “long-term” estimates of littoral-grade sediment discharge from 

the Santa Ynez Mountain coastal watersheds (110,000 to 150,000 m3/yr without debris basins, or 90,000 

to 130,000 m3/yr with debris basins) are highly conservative owing to:  

a) the assumption that debris basins have 100 percent trap efficiencies for littoral-grade sediment,  

b) the rate of sediment production captured during the 24 years of annual maintenance was not 

included in this estimate,  

c) post-fire debris production, which as noted above is estimated to increase long-term sediment 

yield by 10 to 20 percent (Taylor, 1981; Lave and Burbank, 2004), was not included in these 

calculations,  

d) the assumption that debris-basin capacities were smaller than the design capacities for the entire 

record, and 

e) the assumption that sediment yields were constant across the Santa Ynez Mountain drainage 

basins, even though higher rates are suggested for parts of this area (Warrick and Mertes, in 

press).   
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It is difficult to assess the uncertainty involved in (a), but debris-basin sedimentation 

observations and theory (for example, Haan and others, 1994) would suggest that trap efficiencies for 

sand-sized particles in the types and sizes of structures considered would be less than 100 percent. If 

assumption (d) is incorrect, and debris-basin capacities were reduced sometime between 1998 and 2005, 

an additional 700,000 m3 of sediment would have been captured and removed from maintenance 

projects, resulting in a total capture of 2 million m3 during 1969-2005 and an average annual sediment 

yield of 600 m3/km2/yr. Under this scenario, the “long-term” average littoral-grade sediment discharge 

from the Santa Ynez Mountain coastal watersheds would be 190,000 to 250,000 m3/yr. Thus, combining 

the effects of (a) through (e), a high estimate of littoral-grade sediment discharge would be 200,000 to 

300,000 m3/yr, with approximately 25,000 to 40,000 m3/yr lost due to debris-basin maintenance.  

These rates of sediment discharge into the littoral cell can be compared to the littoral-transport 

rate of ~240,000 m3/yr that has been estimated from dredging records of the Santa Barbara Harbor 

(Patsch and Griggs, 2006; Chapter 2). The actual average littoral-grade sediment discharge (that is, the 

total supply including debris-basin reductions) was estimated to range between a minimum of 90,000 

m3/yr and a maximum of 260,000 m3/yr, values that would account for ~40 to more than 100 percent of 

the littoral sediment passing the Santa Barbara Harbor. Thus, significant amounts of littoral sediment are 

produced from the small coastal watersheds of the Santa Ynez Mountains, although it cannot be 

determined from the data whether these supplies of sediment are the dominant or a secondary source of 

littoral sediment to the SBLC.  
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Conclusions 

• Maintenance records from debris basins suggest that the Santa Ynez Mountain coastal 

watersheds discharge 110,000 to 300,000 m3/yr of littoral-grade sediment into the SBLC.   

• Debris basins are estimated to have reduced littoral-sediment contributions to the SBLC by 

15,000 to 40,000 m3/yr, or about 15 percent of the total littoral-sediment production of the Santa 

Ynez Mountain coastal watersheds.    

• Debris-basin maintenance has removed 1.3 to 2.0 million m3 of sediment between 1969 and 

2005, the majority (~85 percent) of which is permanently removed from the downstream fluvial 

and littoral systems through disposal or reuse. 
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Table 6.1.  Characteristics of debris basins in the Santa Ynez coastal drainage basin. Totals may not equal sums 
due to rounding.   
 

 
 

Code 

 
 

Debris basin name 

 
Construction 

year 

 
Drainage area 

(km2) 

 
Design capacity  

(m3) 

2005 measured 
capacity  

(m3) 
A Go bernador 1971 20.58 36,000 19,000 
B Fra nklin Main 1971 1.82 9,500 4,500 
C Sant a Monica 1977 8.50 160,000 156,000 
D Ar royo Paredon 1971 3.04 19,000 6,300 
E Tor o East 1971 1.62 11,000 4,800 
F Toro Lower West 1971 1.54 43,000 15,000 
G Toro Upper West 1971 2.43 22,000 11,000 
H R omero 1971 4.45 21,000 12,000 
I San Ysidro 1964 6.88 8,400 6,000 
J C old Springs 1964 9.51 15,000 9,600 
K Rattlesn ake 1964 5.67 6,300 2,200 
L M ission 1964 6.27 11,000 3,100 
M San Roque 1964 8.90 31,000 12,000 
N San Antonio 1964 10.52 26,000 14,000 
O Maria Ygnacio East 1990 4.05 46,000 45,000 
P Maria Ygnacio Main 1990 8.50 23,000 8,900 

      
TOTAL   104.27 487,000 333,000 
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Figure 6.1. Study area maps for the Santa Barbara littoral cell (SBLC) and its watersheds.  A, California location 
map with the major mountain ranges identified: Western Transverse Range (WTR), Coastal (C), Eastern 
Transverse (ET), Klamath (K), Modoc and Cascade (MC), Peninsular (P) and Sierra Nevada (SN). B, Watershed 
map of the SBLC. C, Watershed map of the small coastal drainages of the Santa Ynez Mountains, including the 
locations of debris basins and channel-dredging operations.    
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Figure 6.2. Characteristics of the debris basins maintained by the Santa Barbara County Public Works Department 
in the Santa Ynez Mountains drainage basin. A, Cumulative watershed area trapped by debris basins. B, 
Cumulative debris-basin volumetric design capacity. C, History of the removal of sediment from these debris 
basins. 
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Figure 6.3. Grain-size distribution data from the debris basins and coastal-wetland channels of the Santa Ynez 
Mountain coastal watersheds. Data include unpublished hand-auger samples from the basins in 1998 by the Santa 
Barbara County Public Works Department (SBCPWD)(All basins, SBC), a published integrated sample from the 
Santa Monica Creek Basin (Basin C, SL) after Simons, Li and Associates (1994), and wetland-channel (Goleta 
Slough) samples from 1998 by SBCWPD (Wetlands). The grain-size cutoff of the SBLC (SB littoral) is after the 
findings of Limber and others (2008). 

 

 

Figure 6.4. The cumulative suspended-sediment discharge during 1930-2005 from the Ventura River as assessed 
at USGS stream gage 11118500. Data compiled from Warrick and Mertes (in press).  The shaded area represents 
the time for which debris-basin maintenance records are synthesized in this report. 
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Chapter 7—Multibeam Bathymetry 

By Pete Dartnell 

Introduction 

The coastal waters of the Santa Barbara Channel from Point Conception to Point Mugu have 

now been completely mapped from the 10-m isobath out to 3 nautical miles using sonar mapping 

technology (fig. 7.1). This 3-year cooperative mapping effort was completed by researchers from a 

number of agencies and institutions, including the USGS, California State University, Monterey Bay, 

and Fugro Pelagos, with support from Federal (USGS and MMS), State (California Coastal 

Conservancy), and local (BEACON) agencies.  

The mapping systems, including multibeam sonar and bathymetric sidescan sonar collected 

coregistered bathymetry and acoustic-backscatter data at 2-m spatial resolution. These data give 

unprecedented views of natural features on the sea floor, including large underwater canyons (fig. 7.2), 

smaller gullies, rock outcrops, and bedform fields, as well as of anthropogenic features such as oil 

platforms, outfall pipes, supply pipelines, and cables. 

These maps are now being used to generate a series of benthic habitat and sea-floor geology 

maps that will not only be useful in local studies and issues, but will also become part of a larger State 

wide mapping effort.  

Some of the bathymetry and backscatter data and interpreted habitat maps are now publicly 

available, and more recently collected data and reports are in the process of becoming available. 

Completed data are available at http://seafloor.csumb.edu/SFMLwebDATA_s2.htm#SBChannel, and a 

benthic-habitat map for the region offshore of Carpinteria is available at 

http://pubs.usgs.gov/of/2007/1271/. A seamless onshore-offshore geologic map surrounding the Isla 

Vista area is near completion and should be available in 2009 (figs. 7.3-7.4), and as part of the 

http://seafloor.csumb.edu/SFMLwebDATA_s2.htm#SBChannel
http://pubs.usgs.gov/of/2007/1271/
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California State Waters Mapping Project, sea-floor geology, sea-floor character, benthic-habitat, and 

sediment-thickness maps are being produced for the entire coastal region of the Santa Barbara Channel. 

The full results of the completed multibeam and habitat map off Carpinteria are vetted in 

Barnard and others (2007). However, a detailed analysis of data from others sites is limited by the final 

processing schedule. Therefore, only a brief results section follows to summarize the key findings as 

they relate to sediment transport and management issues that are a focus of this report. BEACON will 

be apprised of further results when the data is formally released. 

Results 

The Coal Oil Point region is dominated by thin veneers of sediment and  bedrock exposures.  

In Carpinteria, sand dominates the substrate in water depths < 20 m, where clearly visible wave-induced 

ripples are present. The only prominent hard-bottom area mapped in the Carpinteria region nearshore is 

the extension of Rincon Point, which is dominated by boulders and large rocks (fig. 7.5). The mouths of 

the Ventura and Santa Clara River are generally featureless and dominated by a sandy substrate. At 

Mugu submarine canyon, large, downward-migrating sand waves are observed in the upper reaches of 

canyon channels, suggesting the active transport of large volumes of sand-sized sediment from the 

littoral zone to the canyon system (fig. 7.2). 

Conclusions 

• During the last several years the entire nearshore zone from the 10-m isobath seaward to the 

State 3-mile limit has been mapped using multibeam and sidescan sonar. 

• Numerous map products are currently in production, highlighted by high-resolution bathymetry, 

habitat maps, and seamless onshore-offshore geologic maps. 

• The Coal Oil Point region is dominated by thin veneers of sediment and  bedrock exposures. 
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• The substrate offshore of Carpinteria and off of the Ventura and Santa Clara Rivers is sand-

dominated. 

• At Mugu Canyon, abundant, long-wavelength sand waves suggest high rates of down-canyon, 

sand-sized sediment transport.  
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Figure 7.1. All high-resolution bathymetric surveys in the Santa Barbara Channel through summer 2008. 
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Figure 7.2. Perspective view, looking north, of the Mugu submarine canyon. 
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Figure 7.3. Example of sea-floor character map from the Coal Oil Point area. 
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Figure 7.4. Examples of products to be released as part of the California State Waters Mapping Projects. 
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Figure 7.5. Coverage area for the 2005 Carpinteria offshore bathymetric survey . 
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Chapter 8—Seismic-Reflection Images of Shallow Sedimentary Deposits 

By Amy E. Draut, Patrick E. Hart, and Holly F. Ryan 

Full details of this USGS seismic-reflection work, including the data, can be found at 

http://pubs.usgs.gov/of/2008/1246/.  

This chapter is only meant to provide a brief summary of this work as it was not directly funded by 

BEACON. 

Introduction 

High-resolution shallow seismic-reflection data were collected by the USGS in September 2007 

from the continental shelf offshore of Southern California between Goleta and Mugu Canyon (Sliter and 

others, 2008). These data allow newly refined characterization of the continental shelf and shallow 

slope, where sediment derived from steep coastal mountain ranges accumulates along a tectonically 

active continental margin. Interaction of sediment on this shelf and in the Santa Barbara Basin with 

active faults has generated large landslide features such as the Goleta slide (Fisher and others, 2005), 

indicating substantial geohazard potential in this area. Sedimentary deposits offshore of Santa Barbara 

have yielded Late Tertiary and Quaternary paleoclimate records that are among the highest resolution in 

the world (Behl and Kennett, 1996; Nicholson and others, 2006); additional work by the USGS was 

completed in 2008 to support paleoclimate research by Nicholson and others. 

Data were acquired in 2007 using mini-sparker and Edgetech Chirp 512 instruments aboard the 

R/V Zephyr. The survey area spanned approximately 100 km of coastline (fig. 8.1) and included shore-

perpendicular transects spaced 1–2 km apart that extended offshore as far as the 3-mile limit of State 

waters, in water depths ranging from 10 to 300 m. Subbottom acoustic penetration spanned tens to 

several hundred meters, and varied by location. 

http://pubs.usgs.gov/of/2008/1246/
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Images of shallow subsurface geology can be used to identify sites where removal of sediment 

for applications such as beach nourishment may be feasible. Seismic data alone do not, however, permit 

distinction between sand and mud, nor do they indicate unequivocally the degree of compaction and 

induration of the sedimentary deposits. Sediment on the Santa Barbara shelf that may be sufficiently 

unconsolidated for extraction overlies a regional unconformity representing a sea-level lowstand 

surface, as shown in figure 8.2. Deposits above this lowstand unconformity are Late Pleistocene to 

Holocene in age (Dahlen and others, 1990) and thicken toward the southeast, approaching the deltas of 

the Ventura and Santa Clara Rivers (see also Dahlen and others, 1990; Slater and others, 2002). Figure 

8.3 shows an isopach map of sedimentary-deposit thickness above the lowstand unconformity, 

generated from the chirp and mini-sparker data. To produce this isopach map, the seafloor and 

unconformity reflection two-way travel times were picked along seismic profiles, and were output to a 

geographic information system (GIS) mapping program. Location and elevation data were gridded and 

contoured using an inverse distance-weighted algorithm (Liszka, 1984); two-way reflection times were 

converted to depth using a sound velocity of 1,500 m/s for the water column and 1,600 m/s for the 

interval between the seafloor and lowstand unconformity. Where the thickness is mapped as < 0.5 m, 

bedrock crops out at the seafloor or is covered by a very thin layer of sediment. Preferential 

accumulation of sediment in areas corresponding to coastal embayments is apparent near Goleta and 

Santa Barbara, as is thickening of the sedimentary package toward the southeast onto the Ventura River 

delta.  

Conclusions 

• Major depositional centers are located off Ellwood, Goleta, Miramar/Summerland, and Rincon 

toward the Ventura River delta.  
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• Shallow bedrock (< 1 m) is found off Isla Vista, Arroyo Burro, Santa Barbara Harbor, and 

Rincon Point. 
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Figure 8.1. Location map of tracklines (from Sliter and others, 2008). 
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Figure 8.2. Mini-sparker data along Line SB-148 (from Sliter and others, 2008), showing sediment (including 
clinoforms) overlying regional lowstand unconformity. 
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Figure 8.3. Isopach map for the survey region. 
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Chapter 9—Numerical Modeling Sediment Budget Analysis for the Santa 

Barbara Littoral Cell using Delft3D 

By John Brocatus, Edwin Elias, and Patrick Barnard 

This chapter is designed to summarize only the key model findings. The entire modeling report, the 

master’s thesis of John Brocatus, is contained in Appendix E. 

Introduction 

The main objective of the numerical modeling is to identify and quantify the pathways of 

average annual sediment transport within the Santa Barbara littoral cell (SBLC), with emphasis on the 

sites where the shoreline erosion is persistent. The aim is to answer the following research questions: (1) 

how does the morphological system in the SBLC actually work, and (2) what will the future coastline 

evolution be in the focus areas of Ellwood/Isla/Vista/Goleta, Carpinteria, and Ventura? 

The Delft3D numerical model is used to simulate the hydrodynamic and morphodynamic 

processes and to calculate the littoral transport rates. Subsequently, a regional sediment budget is 

proposed to provide insight into the net surplus or deficit of sediment during the modeling period.  

To answer these research questions, the main objective is divided into two subobjectives: 

• Determine the hydrodynamic and morphologic interaction within the SBLC 

- What are the characteristics of the hydrodynamic forcing? 

- What are the characteristics of  a reduced set of wave conditi ons that can replace the full 

set of wave conditions and still represent the correct alongshore sediment transport? 

• Determine the long-term morphologic behavior within the SBLC. 

- What are the characteristics of the alongshore sediment transport? 
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- What is the effect of the alongshore sedim ent transport on th e beaches and what are the 

short- and long-term erosion and accretion trends? 

- Are the littoral-drift rates limited by sediment supply or by wave forcing? 

 

A Delft3D Online Morphology model is used to meet the primary objective of this study. 

Another objective of this study is to reduce the computational runtimes of the simulations by 

simplifying the hydrodynamic input conditions. To increase the model’s overall performance and to 

determine its sensitivity to some model parameters, a sensitivity analysis was performed.  

Methods 

Delft3D-FLOW Module 

The main components in the Delft3D-Online modeling approach are the Delft3D-FLOW module 

and the Delft3D-WAVE module. The Delft3D-FLOW module (version 3.39.28) is the central module in 

the Delft3D-Online approach. It solves the nonlinear shallow-water equations that are derived from the 

three-dimensional Navier Stokes equations for incompressible free-surface flow in two (depth-averaged) 

or three dimensions. The system of equations consists of the horizontal momentum equations, the 

continuity equation, and the transport equations. While the water depth is assumed to be much smaller 

than the horizontal length scale, the shallow-water assumption is valid. Under this assumption, vertical 

accelerations are assumed to be small compared to the gravitational acceleration, and the vertical 

momentum equation can be reduced to the hydrostatic pressure equation.. A concise description of the 

basic flow equations is given in Appendix A of the full modeling report (Appendix E). For a more 

detailed description reference is made to the Delft3D-FLOW User Manual (WL | Delft Hydraulics, 

2006) and Brocatus (2008). 
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Delft3D-WAVE Module 

The effects of waves on flow (from forcing due to breaking, enhanced turbulence, and bed shear 

stress) and the effects of flow on waves (from set-up, current refraction, and enhanced bottom friction) 

are taken into account by online coupling of the Delft3D-FLOW and Delft3D-WAVE module. The 

wave effects are integrated in the flow simulation by executing the third-generation SWAN (Holthuijsen 

and others, 1993; Booij and others, 1999) wave processor (version 40.51A). The SWAN model solves 

the action-balance equation in two dimensions of spectral and geographical space and in time, with 

which the evolution of random, short-crested waves is calculated. SWAN accounts for wave refraction, 

propagation, wave-wave interaction, wave generation by wind, dissipation due to whitecapping, bottom 

friction, and depth-induced wave breaking. The results of the wave simulation (significant wave height, 

peak spectral period, wave direction, mass fluxes) are included in the flow calculations through 

additional driving terms. If the water level, bathymetry, or flow-velocity field changes significantly 

during the FLOW simulation, it is desirable to call the WAVE module more than once (van Rijn and 

Walstra, 2003). The wave field can thereby be updated, accounting for the changing water depths and 

flow velocities. 

Computational Grids 

Two different horizontal computational grids are applied to this study area: a low-resolution 

orthogonal grid and a high-resolution curvilinear grid (fig. 9.1). The first is used within the Delft3D-

WAVE module, while the latter is used in both the Delft3D-WAVE and the Delft3D-FLOW module. 

The low-resolution wave grid has a spatial scale of 90 by 180 km to cover all physical obstacles within 

the area that might influence the propagation of wave energy into the Santa Barbara Channel. Point 

Conception and the Northern Channel Islands will refract, diffract, and dissipate incoming wave energy, 

so these obstacles are incorporated within the low-resolution wave grid. The cross-shore resolution 
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varies from approximately 550 m (nearshore) to 1,100 m (seaward model boundary). In the region of the 

Northern Channel Islands, the cross-shore resolution is refined to approximately 550 m to enable correct 

wave-energy propagation between the islands. The alongshore resolution is about 1,100 m throughout 

the entire grid domain. In total, the low-resolution wave grid has 22,800 grid cells. 

The high-resolution curvilinear flow grid is smaller than the large wave grid and covers the 

morphologically active zone. The western boundary is located 10 km east of Point Conception, while 

the eastern boundary is located near Channel Islands Harbor. The seaward boundary stretches about 12 

km offshore to ensure that the entire morphologic active zone is captured by the flow grid. The 

alongshore grid resolution increases from 1,100 m at the western boundary to 500 m at the eastern side 

of the grid domain. At the seaward boundary, the cross-shore resolution is approximately 550 m (~ the 

resolution of the coarse wave grid), whereas in the nearshore area it is increased to 20 m. In the 

alongshore direction the grid consists of 260 grid lines, with 119 grid lines in the cross-shore direction. 

In total, the high-resolution flow grid consists of 28,600 grid cells. 

Schematization of Wave Climate 

A method of reducing the run time for the simulation is to force the model with just the wave 

cases that contribute most to the alongshore sediment transport. To determine the reduced set of wave 

conditions, rough wave data first has to be classified in a wave-climate table. Primary wave properties 

such as significant wave height (Hs), peak period (Tp), direction, and probability of occurrence (P), are 

binned into wave-height and direction classes. Next, a reliable and preferably fast series of sediment-

transport computations with all wave conditions has to be performed. According to Steijn (1992), the 

simulation time of these simulations should preferably be equal to, or a multiple of, the tidal-cycle 

period. Together, all these computations represent the average annual sediment transport induced by the 

entire wave climate. This average annual sediment transport is referred to as the target sediment 
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transport, and forms the basis of the schematization procedure. Parameters in SWAN were tuned such 

that the modeled littoral-drift rates entering the Santa Barbara and Ventura Harbors approximated the 

historical dredging rates (U.S. Army Corps of Engineers, unpubl. data). 

The tool that takes care of the schematization procedure is the Opti-routine, which is solely 

based on statistical assumptions (WL|Delft Hydraulics, 2007). The schematization relies on the relative 

contribution of each wave condition to the target sediment transport. The schematization is not based on 

the sediment transport within the entire area, but only on the sediment transport through a number of 

predefined transects (fig. 9.2). The routine starts with the target sediment transport and all wave 

conditions as determined from the Coastal Data Information Program Harvest Buoy (Station 071; 

Scripps Institute of Oceanography, 2008). First, with all conditions still participating, the contribution of 

condition i to the sediment transport target is computed. In an iterative process, the wave condition that 

contributes least to the target will be eliminated by setting its weight to zero. To what extent the 

remaining wave conditions resemble the target is based on the relative root mean square error. For each 

randomly determined new set of weight conditions, the relative root mean square error is again 

calculated to determine the resemblance with the target. After all iterations, it is determined with which 

set of weights the target is resembled best by finding for which iteration the root mean square error is 

lowest. This process continues until an optimal reduced set of wave conditions exists. The selection of a 

“morphological representative wave climate” is based on (1) the root mean square error between the 

reduced and the target transport, (2) the ratio between the amount of western and southern swells and (3) 

the amount of wave conditions left. The 27 transects, which are more or less evenly spread over the 

domain, are defined to calculate the annual net sediment transport (m3/year). All offshore points of the 

transects are located at the sea-boundary of the flow grid to incorporate the entire morphological active 

zone (fig. 9.2). The transects are oriented perpendicular to the shoreline to incorporate the alongshore 
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transport and to exclude the cross-shore sediment transport. From an initial set of 97 wave conditions, 

10 wave conditions were selected that resemble the target sediment transport with a root mean square 

error  of 5.6 percent. Together, the new weight factors have a probability of occurrence of 62.0 percent 

or 226 days a year. The final set of reduced wave conditions is listed in table 9.1.  

Summary of Results 

The driving components of the hydrodynamic forcing are the tide and the prevailing wave 

climate. The tide is characterized by a diurnal tide with a strong semidiurnal distortion. The water level 

difference during a single tide can be as high as two meters, with tidal velocities along the coast rarely 

exceeding 20 cm/s, which is verified by current meters deployed as part of this study at Coal Oil Point 

(Goleta focus area), Carpinteria, and the Ventura River mouth. About 75 percent of all deep-water 

waves originate from the west/northwest (270 to 315 degrees), and have significant wave heights 

ranging from 0.5 to 7.4 m. The peak period is about 10 seconds for wave heights up to 3.0 m, but 

increases up to 16 seconds or more for wave heights larger than 5.0 m. The south/southeast deep-water 

swell direction ranges from 135 to 195 degrees and contributes only 12 percent to the wave climate. 

The wave heights of swells from the south/southeast are, with a peak value of 4.4 m, lower than wave 

heights from west/northwest swells. The peak periods are relatively higher for south/southeast swells 

(~15.0 to 18.5 s) than for west/northwest swells (~10.0 to 18.0 s). 

The wave climate is reduced to a set of ten wave conditions that (1) resemble the total sediment 

transport and (2) resemble the ratio between the western and the less frequently occurring southern 

swell. The relative root mean square error between the total sediment transport and the sediment 

transport resulting from the reduced set of wave conditions is 5.6 percent. Each wave condition has its 

own relative contribution to the total sediment transport (figs. 9.3-9.4). Four of the reduced wave 

conditions originate from the south/southeast whereas the remaining conditions originate from the west. 
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It is important to note in figure 9.3 that while the southern swell (wave conditions WC 19, 32, 42, and 

63) only contributes 12 percent to the overall wave climate, these events can cause significant littoral-

drift reversals in the southern/eastern half of the study area (transects 15 to 27), especially in the vicinity 

of the Santa Clara River mouth (transect 25). As a result gross sediment transport is much greater than 

net transport in this area. Further, these reversals can have an even greater impact on sediment 

distribution if they occur during flood events. Significant wave heights vary from 1.67 to 7.08 m, with 

peak periods ranging from 12.2 to 18.5 s. Together, these ten representative wave cases only occur 30 

days a year, but in order to resemble the total transport, their total probability of occurrence is increased 

to 62.0  percent or 226 days a year. As stated in section 1.4.3 of Appendix E, hypopycnal flows account 

for nearshore delta formation, whereas hyperpycnal flows deposit sediment in the offshore delta. The 

mean annual flood discharge (Qmaf), which is statistically defined to be the 2.33-yr recurrence interval 

peak discharge, can be seen as an upper boundary at which hypopycnal flows takes place (Warrick and 

others, 2003). 

In the sensitivity analysis of the flood river discharge, a hypopycnal flow is simulated, while the 

nearshore delta deposits are subject to wave impact and alongshore transport. Whereas the mean annual 

flood discharge (Qmaf) is a hypopycnal flow, the distribution pattern of the fluvial-sediment fraction is 

the same as for the simulation in which the average annual river discharge is used. The littoral-drift rates 

show a slight increase in the region of the Santa Clara River mouth (transects 23 -25). Variation in 

grain-size diameter does not have any significant impact on the littoral-drift rates. 

The alongshore sediment transport is determined by the residual current, which accounts for the 

combined effect of the tidal and littoral currents. The tidal current flows opposite to the west-eastward 

directed littoral current that dominates the residual current. The residual current, and consequently the 

alongshore sediment transport, is almost uniformly directed from west to east/southeast (fig. 9.5). 
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Changes in coastline orientation (either abrupt or gradual) and alongshore water-depth variations result 

in significant alongshore sediment-transport gradients (see fig. 9.4). Although the net sediment transport 

is almost unidirectional from west to east, there is a distinct difference in the magnitude of the sediment-

transport rates between the coastline upcoast (transects 10-15) and downcoast (transects 16-28) of 

Sandyland. Because the Sandyland profiles are hardly affected by southern swell, gross transports are 

nearly equivalent to the net transport along the coastline west of Sandyland. Downcoast of Sandyland 

the gross sediment-transport rates are, although dominated by western swell, significantly higher than 

net sediment-transport rates because of the effect of southern swell on the sediment transport.  

The simulated alongshore sediment-transport rates are in good agreement with the annual 

dredging rates at the Santa Barbara and Ventura Harbors. The error between the simulated littoral-drift 

rates and the dredging rates is on the order of 10 percent, with the simulated transport rates being 

underestimated. However, based on the frequency of littoral-drift reversals in the vicinity of Ventura 

Harbor and slight reversal in the lee of the Santa Barbara Harbor, the modeled rates are likely more in 

line with true net littoral-drift rates. Due to these reversals, using dredging rates as a proxy for net 

littoral drift at these harbors could result in a potentially significant overestimation at Ventura and 

Channel Islands Harbors, and a slight overestimation at Santa Barbara Harbor. 

Based on the analysis of the simulated residual current (fig. 9.6) and the patterns of two of the 

primary wave conditions (fig. 9.7) the main characteristics of the littoral-drift rates at the focus sites 

within the SBLC are summarized below. The primary modeling findings summarized below strongly 

agree with long- and short-term shoreline-change patterns determined from the field data presented in 

Chapters 3 and 4. 

• Ellwood/Isla Vista/Goleta—The abrupt counter-clockwise rotation of the coastline at the western 

side of Ellwood locally increases the residual velocities (fig. 9.6C). Halfway up this beach, the 
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coastline bends back in the seaward direction, and the velocities decrease up to Devereaux 

Slough. Consequently, erosion dominates in the western half of Ellwood, and accretion 

dominates in the eastern half up to Coal Oil Point. While seeking equilibrium, the beach rotates 

clockwise and disappears around the rocks at Coal Oil Point. Isla Vista shows a similar 

clockwise rotation. Sediment is transported from west to east and residual velocities decrease in 

the lee of Coal Oil Point so accretion occurs there when sediment is available. However, the 

residual current accelerates through the middle of Isla Vista where severe erosion dominates. 

Just downcoast of Goleta Point (also known as Campus Point), the decline in the residual 

velocities suggests an accreting trend at UCSB and the western side of Goleta Beach. The lack 

of sediment being transported around Campus Point, however, prevents the beaches of UCSB 

and the part of Goleta Beach west of Goleta Slough from accreting. East of Goleta slough, the 

residual current increases and is dominated by western swell, resulting in a persistent erosion 

trend of Goleta Beach. The sediment transport at this part of the coastline is dominated by wave 

condition 24, the most common wave condition in the morphological representative wave 

climate (table 9.1).  

• Carpinteria—There are long- (Chapter 2) and short-term (Chapter 4) trends of erosion at the City 

of Carpinteria Beach and accretion at the eastern side of Carpinteria State Beach. The revetment 

along the coastline directly upcoast of the City of Carpinteria Beach and along Sandyland 

maintains the erosion at the City of Carpinteria Beach by causing an acceleration of littoral drift 

(fig. 9.6E). While the revetment prevents erosion at Sandyland and fixes Sand Point, rotation of 

the coastline (which reduces the angle of wave approach and consequent alongshore transport) is 

restricted to the beaches in front of Carpinteria. The fixed shorelines in Sandyland prevent the 
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adaptation of the coastline to the prevailing wave condition and maintain the relatively large 

angle of wave approach associated with the predominant western swells.  

• Rincon Parkway—Substantial littoral-drift acceleration around Rincon Point and deceleration in 

the lee of the point promotes local erosion and accretion, respectively. These model predictions 

agree with decadal-scale accretion observed locally at La Conchita (see Chapters 3 and 4). 

Conversely, acceleration of the littoral current at Oil Piers and attendant erosion has led to the 

implementation of hard stabilization measures there. 

• Ventura and Santa Clara River mouths—Gross sediment-transport rates are large in this region 

because of the orientation of the southwest-facing coastline. Swells, coming from either the west 

or the south, have maximum impact on the sediment transport, while the deep-water angle of 

wave approach is on the order of 45 degrees for both directions. Littoral-drift acceleration at 

Surfer’s Point has led to long-term chronic erosion pressures there, and the south-facing San 

Buenaventura State Beach encounters erosion as a result of the large angle of wave approach of 

western swells and associated high littoral-drift gradients. The groin field in this area was 

designed to trap sediment, slowing littoral drift. A dredging bypass recovers the disruption in the 

littoral drift of the Ventura Harbor breakwater. The increasing effect of sediment transport from 

southern swell enlarges the gross, but reduces the net sediment transport, resulting in a long-term 

accreting trend downcoast of the Ventura Harbor. 

• Other Observations—The acceleration of the residual current immediately downcoast of East 

Beach in Santa Barbara contributes to chronic erosion in front of the Biltmore (see Chapter 3, 

BEACON line 12). Deceleration of the residual current further downdrift in the vicinity of 

Summerland and Padaro (see Chapters 3 and 4, BEACON lines 14 and 15) appears to 

correspond broadly with observed accretion in these areas. 
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Sediment supply, particularly the anthropogenic reduction of sediment supply to the SBLC by 

damming, trapping of sediment in debris basins, urbanization of fluvial systems, and armoring, is not 

the sole control on local, long-term pockets of erosion. Although the Campus Point region at UCSB 

may be limited by sediment supply, erosion in other areas appears to be heavily influenced by the 

prevailing wave climate and the local orientation of the coastline. Locally large transport gradients exist 

due to variability in coastline orientation. Many of the beaches that encounter long-term erosion have a 

strong increase of the littoral-drift rate at the upcoast side. The littoral drift rate decreases along the 

beach and consequently accretion occurs at the downcoast side of the beach. Under these conditions the 

beaches would normally rotate clockwise to decrease the angle of wave approach for the prevailing 

wave condition. However, the orientation of many beaches in the SBLC is controlled by the underlying, 

hard-rock geology, so the shoreline has limited ability to rotate in response to littoral drift gradients, 

resulting in shoreline erosion hot-spots that are largely fixed through time. Therefore, structural controls 

on shoreline orientation and sediment supply are the critical factors affecting local erosion and accretion 

in the SBLC. 

Conclusions 

• Local erosion and accretion patterns in the SBLC are well explained by modeled littoral-

sediment transport gradients. 

• Significant littoral-drift reversals at the Ventura and Channel Islands Harbors, due to western 

and southern wave energy, result in dredging rates that may significantly exceed the true net 

transport rate. 

• Littoral-drift acceleration at Goleta, Carpinteria, and Surfer’s Point correlates with short- and 

long-term erosion trends in those areas. 
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• Deceleration of littoral-drift rates near La Conchita and the Santa Clara River mouth correspond 

with the decadal-scale accretion noted in those locations. 

• Geologically-controlled shoreline orientation and sediment supply are the critical factors 

controlling local shoreline behavior. 

• Rotation of beaches predicted in modeling agrees with observed trends at the Ellwood/Isla 

Vista/Goleta and Carpinteria focus areas. 
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Table 9.1. Morphological representative wave climate as derived from the Coastal Data Information Program 
Harvest Buoy (Station 071; Scripps Institute of Oceanography, 2008). 
 

Weight factor 
Wave 

condition 

Significant 
wave height ,

in meters 
Peak period, 

in seconds 
Direction, in 

degrees 
 

Original 
 

New 
19 1. 67 15.71 188 0. 0136 0.0080 

24 1. 74 12.24 279 0. 0419 0.4637 
32 2. 21 15.39 174 0. 0014 0.0391 
35 2. 24 15.47 237 0. 0006 0.0014 
62 3. 75 18.53 170 0. 0009 0.0002 
63 3. 95 18.50 187 0. 0003 0.0002 
69 3. 74 13.12 294 0. 0213 0.0911 
88 5. 71 15.53 278 0. 0006 0.0053 
89 5. 74 12.78 295 0. 0001 0.0080 
99 7. 08 14.13 307 0. 0003 0.0027 
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Figure 9.1. Computational grids. A, Wave grid. B, Flow grid. The flow grid is also used as a nested wave grid to 
ensure a high grid resolution in the surf zone. 
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Figure 9.2. Overview of the 27 predefined transects. Bathymetry shading is at 10m intervals. 
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Figure 9.3. Top panel, Comparison of the nonvalidated littoral-drift rates for the entire (green) and the reduced 
(yellow) wave climate. The relative root mean square error is 5.6 percent. Bottom panels, Individual sediment-
transport contributions for each wave condition (WC) within the reduced wave climate. Negative transport values 
indicate north and/or westward transport. 
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Figure 9.4. Modeled total annual sediment transport (yellow bars), and individual contributions for each wave 
condition in the morphologically representative wave climate (colored lines). Dredging volumes at Santa Barbara 
and Ventura Harbors (black bars) are shown for reference. WC, Wave condition. 
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Figure 9.5.  Residual sediment-transport vectors for the Santa Barbara Channel.  
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Figure 9.6. Residual current patterns in the Santa Barbara littoral cell along the Gaviota Coast to Goleta Beach. A, 
Updrift segment, B, Middle segment, C, Downdrift segment. Longer arrows indicate higher potential sediment-
transport rates. 
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Figure 9.6 (cont.). Residual current patterns in the Santa Barbara littoral cell from D, the Santa Barbara area to E, 
Carpinteria. Longer arrows indicate higher potential sediment-transport rates. 
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Figure 9.6 (cont.). F, Residual current patterns in the Santa Barbara littoral cell along the Rincon Parkway. Longer 
arrows indicate higher potential sediment-transport rates. 

 

 



 219

 

                                                                                                                                          F 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.6 (cont.). G, Residual current patterns in the Santa Barbara littoral cell in the Ventura/Santa Clara River 
mouths focus area. Longer arrows indicate higher potential sediment-transport rates. 
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Figure 9.7. Significant wave height and direction for wave conditions 88 and 62 at A, Ellwood/Isla Vista/Goleta, and 
B, Santa Barbara Harbor. White arrows indicate wave direction. 
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Figure 9.7 (cont.). C, Significant wave height and direction for wave conditions 88 and 62 at Ventura/Santa Clara 
River mouths. White arrows indicate wave direction. 
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Chapter 10—Project Synthesis 

 The Santa Barbara littoral cell (SBLC) is a complex coastal system with significant management 

challenges. The coastline ranges broadly in exposure to wave energy, fluvial inputs, hard structures, and 

urbanization. Geologic influence (structural control) on coastline orientation exerts an important control 

on local beach behavior, with anthropogenic alterations and the episodic nature of sediment supply and 

transport also playing important roles.   

 Short- and long-term temporal analyses of shoreline change, beach width, and volume change 

show no obvious trends in regional beach behavior. Extensive armoring along the SBLC has accreted 

the back beach, narrowing beach widths and in some cases increasing sediment transport. Unarmored 

beaches have exhibited mild erosion while maintaining similar widths. Harbor constructions have had 

notable impacts on downdrift beaches, but once the coastal system has equilibrated the signal becomes 

strongly dampened and littoral-drift gradients driven by natural shoreline orientation again become 

dominant. Sediment inputs from the Santa Clara River dominate sediment processes on beaches to the 

south.  

The SBLC is dominated by episodic flood and storm-wave events. Exceptionally large accretion 

signals along this stretch of coastline are closely tied to major flood events when large amounts of 

sediment are deposited in deltas. These deltas decay over time, supplying downdrift beaches with 

sediment. Storm-wave impacts and gradients in alongshore transport can lead to beach rotations and 

migrating erosion hotspots when geological controls are weak. Annual and seasonal rates of cross-shore 

and alongshore transport are at least 2-3 times higher for the more west- and southwest-facing beaches 

south of the Ventura River as compared to the more sheltered beaches to the west/north. Gross littoral 

transports are good approximations of net littoral transports for beaches west/north of Ventura as 

transport is almost purely unidirectional. However, significant transport reversals occur intermittently in 



 223

the east/south, especially adjacent to the Ventura and Channel Islands Harbors. For this reason, and due 

to the episodic nature of flood and storm wave events, using dredging rates from the harbors at Ventura 

and Channel Islands as a proxy for drift rates may be invalid. 

 An extensive grain-size investigation of the surface and shallow subsurface in the nearshore 

region of the SBLC identified only two sites for potential beach-nourishment material: offshore of Santa 

Barbara Harbor and Oil Piers. However, seismic-reflection lines offshore of Santa Barbara suggest 

shallow bedrock (< 1 m), so the volume of coarse material in this area may be limited. Sampling of the 

Santa Clara River delta was minimal, but this site could be promising.  

Numerical modeling shows that local beach behavior is primarily influenced by local littoral-

drift gradients, which are in turn controlled by natural shoreline orientation. Given the high rates of net 

littoral drift and the relatively insignificant cross-shore transport in the SBLC, the SBLC should be 

considered a sediment-limited system (as opposed to a transport-limited system). Management actions, 

such as any future beach nourishment, would likely have a severely limited life span without employing 

additional measures that adequately address local littoral-drift gradients to retain added sand. 
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Appendix A - BEACON Survey Lines 

The following plots contain each of the 41 historical BEACON surveys, from October 1987 to 

October 2007. The first set contains the entire line, and the second set (focus plots) highlights the most 

active portion of the profile, specified as elevations greater than -5 m. See Chapter 3 for more 

information on survey processing, datum conversions, et cetera. 

 

 

Figure A1. BEACON survey line locations. See Table 3.1 for superseded BEACON line IDs and location names. 
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Figure A2. BEACON survey line plots, lines 1 to 41. See Figure A1 for line locations. 
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Figure A3. BEACON survey line focus (depths shallower than 5 m) plots. 
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Appendix B - Beach Mapping 

This section contains three-dimensional beach maps constructed by the USGS from ATV 

surveys performed from October 2005 to October 2008 in Ellwood/Isla Vista/Goleta, Carpinteria, and 

Ventura. See Chapter 4 for information on survey parameters, data processing, et cetera. 
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Ellwood/Isla Vista/Goleta 
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Figure B1. Topographic data points collected in the Ellwood/Isla Vista/Goleta study site, Oct 2007 – Oct 2008. 
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Figure B1 (cont.). Topographic data points collected in the Ellwood/Isla Vista/Goleta study site, Oct 2007 – Oct 
2008. 
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Figure B2. Topographic data gridded to 2 m cells from the Ellwood/Isla Vista/Goleta study site.  
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Figure B2 (cont.). Topographic data gridded to 2 m cells from the Ellwood/Isla Vista/Goleta study site.  
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Figure B3. Vertical change from the annual surveys in Ellwood/Isla Vista/Goleta.  
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Figure B3 (cont.). Vertical change from the annual surveys in Ellwood/Isla Vista/Goleta.  
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Figure B4. Vertical change from seasonal surveys in Ellwood/Isla Vista/Goleta. 
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Figure B4 (cont.). Vertical change from seasonal surveys in Ellwood/Isla Vista/Goleta. 
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Carpinteria 
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Figure B5. Topographic data points collected in the Carpinteria study site. 
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Figure B5 (cont.). Topographic data points collected in the Carpinteria study site. 
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Figure B6. Topographic data gridded to 2 m cells from the Carpinteria study site. 
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Figure B6 (cont.). Topographic data gridded to 2 m cells from the Carpinteria study site. 
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Figure B7. Vertical change from annual surveys at the Carpinteria study site.  
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Figure B8. Vertical change from seasonal surveys at the Carpinteria study site. 
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Ventura/Santa Clara River Mouths 
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Figure B9. Topographic data points collected in the Ventura study site. 
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Figure B9 (cont.). Topographic data points collected in the Ventura study site. 
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Figure B10. Topographic data gridded to 2 m cells from the Ventura study site. 
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Figure B10 (cont.). Topographic data gridded to 2 m cells from the Ventura study site.  
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Figure B11. Vertical change from the annual surveys in Ventura. 
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Figure B11 (cont.). Vertical change from the annual surveys in Ventura.  
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Figure B12. Vertical change from seasonal surveys in Ventura. 
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Figure B12 (cont.). Vertical change from seasonal surveys in Ventura. 
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Appendix C - Coastal Profiling System Lines 

The following plots contain each of the Coastal Profiling System (CPS) lines collected by the 

USGS as part of the Santa Barbara and Ventura County Coastal Processes Study in the five focus areas: 

Ellwood/Isla Vista/Goleta, Carpinteria, Rincon Parkway, Ventura/Santa Clara River Mouths, and Mugu 

Canyon. The first set of plots in each focus area contains the entire line, and the second set (focus plots) 

highlights the most active portion of the profile, specified as depths shallower than -5 m. For more 

information on survey parameters, data processing, et cetera, see Chapter 4.  

 

Figure C1. All focus area Coastal Profiling System survey line locations. 
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Ellwood/isla Vista/Goleta 

 

Figure C2. Ellwood/Isla Vista/Goleta Coastal Profiling System survey line locations. 
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Figure C3. Ellwood/Isla Vista/Goleta Coastal Profiling System plots, survey lines 0 - 73. 
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Figure C4. Ellwood/Isla Vista/Goleta Coastal Profiling System focus (depths shallower than 5 m) plots, survey lines 
0-73 
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Carpinteria 

 

Figure C5. Carpinteria Coastal Profiling System survey line locations. 
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Figure C6. Carpinteria Coastal Profiling System plots, survey lines 1-42. 
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Figure C7. Carpinteria Coastal Profiling System focus (depths shallower than 5 m) plots, survey lines 1-42. 
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Rincon Parkway 

 

Figure C8. Rincon Parkway Coastal Profiling System survey line locations. 
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Figure C9. Rincon Parkway Coastal Profiling System plots, survey lines 1-35. 
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Figure C10. Rincon Parkway Coastal Profiling System focus (depths shallower than 5 m) plots, survey lines 1-35. 
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Ventura/Santa Clara River Mouths 

 

Figure C11. Ventura/Santa Clara River Mouths Coastal Profiling System survey line locations. 
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Figure C12. Ventura/Santa Clara River Mouths Coastal Profiling System plots, survey lines 1-52. 
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Figure C13. Ventura/Santa Clara River Mouths Coastal Profiling System focus (depths shallower than 5 m) plots, 
survey lines 1-52. 

 



 693



 694



 695



 696



 697



 698



 699



 700



 701



 702



 703



 704



 705



 706



 707



 708



 709



 710



 711



 712



 713



 714



 715



 716



 717



 718



 719



 720



 721



 722



 723



 724



 725



 726



 727



 728



 729



 730



 731



 732



 733



 734



 735



 736



 737



 738



 739



 740



 741



 742



 743



 744

 

Mugu Canyon 

 

Figure C14. Mugu Canyon Coastal Profiling System survey line locations. 
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Figure C15. Mugu Canyon Coastal Profiling System plots, survey lines 72-80 (Ventura). 
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Figure C16. Mugu Canyon Coastal Profiling System focus (depths shallower than 5 m) plots, survey lines 72-80 
(Ventura). 
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Appendix D – Grain-Size Data 

This Appendix contains detailed grain-size data on samples collected for the BEACON study. 

More details on the methods and analysis can be found in Chapter 5 and in the following publications of 

Neomi Mustain. 

 

Mustain, Neomi, 2007, Grain size distribution of beach and nearshore sediments of the Santa 

Barbara littoral cell: Implications for beach nourishment: Santa Cruz, University of California, master’s 

thesis, 107 p. 

Mustain, N., Griggs, G., and Barnard, P.L., 2007, A rapid compatibility analysis of potential 

offshore sand sources for beaches of the Santa Barbara littoral cell in Kraus, N.C., Rosati, J.D., eds., 

Coastal sediments ’07: Proceedings of the 6th International Symposium on Coastal Engineering and 

Science of Coastal Sediment Processes, American Society of Civil Engineers, New Orleans, Louisiana, 

v. 3, p. 2501-2514. 
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Surficial Grain Size Data 

 

Figure D1. Eyeball and grab sediment sample locations from the study area. 
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Figure D2. Eyeball and grab sample mean grain-size distribution of offshore samples. 
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Table D1. Mean grain size data for each sample site. Additional grab sample data (for example, sorting, skewness, 
et cetera) are available upon request. 
 

Key: 

Sid Sam ple ID  
Sur Su rvey K=summer kilometer 

  N=summer nearshore 
  S=seasonal high resolution areas 

Yr Year  
Sea Season W=winter 

  S=summer 
Tran Transect#  
Lat Latitu de  
Lon Lo ngitude  
Dep Dept h (m)  
Ele Elevation BF=beach Face 

  MB=mid Beach 
  BB=back Beach 
  O=offshore 

Type Sam ple Type E=eyeball 
  G=grab 
  B=both eyeball and grab 
  N=none 

eMean Eyeball Mean (mm)  
gMean G rab Mean (mm)  
gMed Gra b Median (mm)  

 

Data: 
 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean gMed 
1 K     24 34.47088 -120.22726 0 BF B 0.2250 0.2405 0.2360 
2 K   38 34.46264 -120.07158 0 BF E 0.2967    
3 K   39 34.46245 -120.06668 0 BF E 0.1988    
4 K   42 34.46083 -120.02948 0 BF E 0.2708    
5 K   43 34.45901 -120.02120 0 BF E 0.3691    
6 K     44 34.46079 -120.00835 0 BF B 0.2248 0.1964 0.1931 
7 K   45 34.45653 -119.99950 0 BF E 0.2661    
8 K   46 34.45016 -119.99054 0 BF E 0.2785    
9 K   48 34.44465 -119.97148 0 BF E 0.2568    

10 K     49 34.44120 -119.96503 0 BF E 0.3641     
11 K   50 34.43529 -119.95495 0 BF E 0.2871    
12 K   51 34.43537 -119.94251 0 BF E 0.2221    
13 K   52 34.43531 -119.93288 0 BF E 0.1574    
14 K   53 34.43177 -119.91840 0 BF E 0.2470    
15 K   54 34.42761 -119.91105 0 BF B 0.2172 0.1943 0.1872 
16 K     55 34.42189 -119.90220 0 BF E 0.2032     
17 K   56 34.41938 -119.89113 0 BF E 0.2269    
18 K   57 34.41225 -119.88411 0 BF E 0.2493    
19 K   58 34.40859 -119.87558 0 BF E 0.2405    
20 K     59 34.40936 -119.86249 0 BF E 0.2527     
21 K   60 34.40771 -119.85208 0 BF E 0.2096    
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Table D1 (cont.). Mean grain size data for each sample site. 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean gMed 
22 K   61 34.41047 -119.84152 0 BF E 0.2920    
23 K   62 34.41647 -119.83084 0 BF E 0.3174    
24 K   63 34.41712 -119.82249 0 BF E 0.4231    
25 K   65 34.41790 -119.80000 0 BF B 0.1692 0.1410 0.1438 
26 K     66 34.41680 -119.78800 0 BF E 0.2483     
27 K   67 34.41350 -119.77800 0 BF E 0.2807    
28 K   68 34.40980 -119.76800 0 BF E 0.2921    
29 K   69 34.40620 -119.75800 0 BF E 0.2778    
30 K     70 34.40346 -119.74721 0 BF E 0.2600     
31 K   71 34.39999 -119.73776 0 BF E 0.2271    
32 K   72 34.39675 -119.73046 0 BF E 0.2162    
33 K   73 34.39584 -119.70799 0 BF E 0.2324    
34 K   74 34.39837 -119.70231 0 BF B 0.2183 0.2699 0.2602 
35 K   75 34.40254 -119.69552 0 BF E 0.2575    
36 K     76 34.41016 -119.68905 0 BF E 0.2545     
37 K   77 34.41432 -119.68025 0 BF E 0.2229    
38 K   78 34.41595 -119.66995 0 BF E 0.2467    
39 K   79 34.41698 -119.65844 0 BF E 0.2403    
40 K     80 34.41726 -119.64718 0 BF E 0.2217     
41 K   81 34.41629 -119.63595 0 BF E 0.2746    
42 K   82 34.41887 -119.62498 0 BF E 0.2027    
43 K   83 34.42095 -119.61541 0 BF E 0.1575    
44 K   84 34.41963 -119.60283 0 BF B 0.2463 0.2177 0.2142 
45 K   85 34.41758 -119.59187 0 BF E 0.2116    
46 K     86 34.41372 -119.58161 0 BF E 0.1983     
47 K   87 34.41490 -119.56602 0 BF E 0.2645    
48 K   88 34.41307 -119.55904 0 BF E 0.1535    
49 K   89 34.40795 -119.55146 0 BF E 0.2391    
50 K     90 34.31400 -119.36300 0 BF E 0.2417     
51 K   91 34.39613 -119.53439 0 BF E 0.3068    
52 K   92 34.39247 -119.52412 0 BF E 0.2581    
53 K   93 34.38714 -119.51315 0 BF E 0.2750    
54 K   94 34.38518 -119.50318 0 BF B 0.1848 0.2112 0.2075 
55 K   95 34.38183 -119.48836 0 BF E 0.2713    
56 K     96 34.37726 -119.48154 0 BF E 0.2402     
57 K   97 34.37527 -119.47334 0 BF E 0.3210    
58 K   99 34.37029 -119.45634 0 BF E 0.2500    
59 K   100 34.36263 -119.44888 0 BF E 0.2997    
60 K     101 34.35574 -119.43960 0 BF E 0.2814     
61 K   102 34.35312 -119.42918 0 BF E 0.2607    
62 K   103 34.34958 -119.42507 0 BF E 0.2452    
63 K   104 34.33748 -119.41106 0 BF B 0.3494 0.2020 0.1993 
64 K   105 34.33392 -119.40495 0 BF E 0.1709    
65 K   106 34.32853 -119.39887 0 BF E 0.3191    
66 K     107 34.31951 -119.39165 0 BF E 0.3381     
67 K   108 34.32094 -119.37670 0 BF E 0.2808    
68 K   109 34.31950 -119.36983 0 BF E 0.2076    
69 K   111 34.30828 -119.35439 0 BF E 0.3116    
70 K     112 34.30207 -119.34703 0 BF E 0.2851     
71 K   113 34.29600 -119.34201 0 BF E 0.3122    
72 K   114 34.29134 -119.33810 0 BF B 0.3114 0.2159 0.2119 
73 K   115 34.28409 -119.32164 0 BF E 0.2883    
74 K   116 34.27864 -119.31549 0 BF E 0.3304    
75 K   117 34.27312 -119.30472 0 BF E 0.3276    
76 K     118 34.27520 -119.29280 0 BF E 0.1684     
77 K   119 34.27010 -119.28200 0 BF E 0.2720    
78 K   120 34.26570 -119.27790 0 BF E 0.2534    
79 K   121 34.25450 -119.27070 0 BF E 0.3240    
80 K     122 34.24400 -119.26810 0 BF E 0.2145     
81 K   123 34.23820 -119.26770 0 BF E 0.3522    
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Table D1 (cont.). Mean grain size data for each sample site. 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean gMed 
82 K   124 34.22770 -119.26560 0 BF B 0.3812 0.2684 0.2614 
83 K   125 34.22030 -119.26190 0 BF E 0.4015    
84 K   126 34.21380 -119.25860 0 BF E 0.2420    
85 K   127 34.20210 -119.25170 0 BF E 0.2609    
86 K     128 34.19209 -119.24625 0 BF E 0.3155     
87 K   129 34.18343 -119.24166 0 BF E 0.3560    
88 K   130 34.17620 -119.23763 0 BF E 0.2964    
89 K   131 34.16569 -119.23147 0 BF E 0.3513    
90 K     132 34.15640 -119.22499 0 BF E 0.1773     
91 K   133 34.14780 -119.21720 0 BF E 0.5842    
92 K   135 34.14337 -119.19935 0 BF E 0.2120    
93 K   136 34.13923 -119.19108 0 BF B 0.2552 0.2688 0.2610 
94 K   149 34.08819 -119.06486 0 BF B 0.3986 0.4271 0.4192 
95 K   150 34.08560 -119.05510 0 BF E 0.4206    
96 K     153 34.07560 -119.02260 0 BF E 0.4363     
97 K   154 34.06980 -119.01270 0 BF E 0.4760    
98 K   158 34.06070 -118.97740 0 BF E 0.4207    
99 K   160 34.05190 -118.96070 0 BF E 0.2923    
100 K     162 34.04570 -118.93160 0 BF E 0.3734     
101 K   164 34.04250 -118.91620 0 BF E 0.3838    
102 K   166 34.03920 -118.89310 0 BF E 0.3171    
103 K   167 34.03800 -118.87550 0 BF E 0.3495    
104 K   168 34.03780 -118.87420 0 BF E 0.2673    
105 K   169 34.03510 -118.85630 0 BF E 0.2085    
106 K     171 34.02800 -118.84090 0 BF E 0.2369     
107 K   172 34.02190 -118.83240 0 BF E 0.2767    
108 K   173 34.01630 -118.82470 0 BF E 0.2719    
109 K   174 34.01250 -118.81970 0 BF E 0.4113    
110 K     175 34.00250 -118.80980 0 BF E 0.4802     
111 K   176 34.00120 -118.80790 0 BF E 0.5593    
112 S 6 W   34.41658 -119.83139 0 BF E 0.3433    
113 S 6 W   34.41644 -119.82836 0 BF E 0.3131    
114 S 6 W   34.41636 -119.82950 0 BF E 0.2359    
115 S 6 W   34.41636 -119.83056 0 BF E 0.3409    
116 S 6 W   34.41614 -119.83275 0 BF E 0.2705     
117 S 6 W   34.41592 -119.83383 0 BF E 0.2999    
118 S 6 W   34.41567 -119.83483 0 BF E 0.2540    
119 S 6 W   34.41539 -119.83581 0 BF E 0.3406    
120 S 6 W   34.41500 -119.83686 0 BF E 0.2040     
121 S 6 W   34.41428 -119.83869 0 BF E 0.2829    
122 S 6 W   34.41311 -119.84039 0 BF E 0.2139    
123 S 6 W   34.41094 -119.84150 0 BF E 0.2861    
124 S 6 W   34.40847 -119.84208 0 BF E 0.3136    
125 S 6 W   34.40558 -119.84367 0 BF E 0.3407    
126 S 6 W   34.40481 -119.84458 0 BF E 0.2879     
127 S 6 W   34.40639 -119.84908 0 BF E 0.3922    
128 S 6 W   34.40697 -119.85108 0 BF E 0.3064    
129 S 6 W   34.40872 -119.85742 0 BF E 0.3525    
130 S 6 W   34.40897 -119.85958 0 BF E 0.2763     
131 S 6 W   34.40919 -119.86186 0 BF E 0.2836    
132 S 6 W   34.40792 -119.87964 0 BF E 0.3198    
133 S 6 W   34.40906 -119.88089 0 BF E 0.3202    
134 S 6 W   34.41058 -119.88225 0 BF E 0.3531    
135 S 6 W   34.41219 -119.88347 0 BF B 0.3601 0.2912 0.2895 
136 S 6 W   34.41367 -119.88481 0 BF E 0.3491     
137 S 6 W   34.41511 -119.88614 0 BF E 0.2835    
138 S 6 W   34.41658 -119.88767 0 BF E 0.3445    
139 S 6 W   34.41811 -119.88944 0 BF E 0.4101    
140 S 6 W   34.41919 -119.89094 0 BF E 0.3683     
141 S 6 W   34.41994 -119.89306 0 BF E 0.3824    
142 S 6 W   34.42042 -119.89508 0 BF E 0.3896    
143 S 6 W   34.42064 -119.89733 0 BF E 0.2853    
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Table D1 (cont.). Mean grain size data for each sample site. 
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144 S 6 W   34.42100 -119.89933 0 BF E 0.3609    
145 S 6 W   34.40689 -119.87814 0 BF E 0.2434    
146 S 6 W   34.40822 -119.87636 0 BF E 0.2858     
147 S 6 W   34.40900 -119.87458 0 BF E 0.2912    
148 S 6 W   34.40919 -119.87244 0 BF E 0.2543    
149 S 6 W   34.40922 -119.87031 0 BF E 0.2142    
150 S 6 W   34.40903 -119.86792 0 BF B 0.1732 0.1692 0.1651 
151 S 6 W   34.40914 -119.86594 0 BF E 0.1344    
152 S 6 S   34.41470 -119.83771 0 BF E 0.2274    
153 S 6 S   34.41430 -119.83855 0 BF E 0.2311    
154 S 6 S   34.41385 -119.83935 0 BF E 0.2642    
155 S 6 S   34.41297 -119.84037 0 BF E 0.2482    
156 S 6 S   34.41229 -119.84089 0 BF E 0.2359     
157 S 6 S   34.41140 -119.84135 0 BF E 0.2573    
158 S 6 S   34.41047 -119.84152 0 BF E 0.2749    
159 S 6 S   34.40955 -119.84190 0 BF E 0.1988    
160 S 6 S   34.40866 -119.84217 0 BF E 0.2990     
161 S 6 S   34.40746 -119.84252 0 BF E 0.3338    
162 S 6 S   34.40611 -119.84355 0 BF E 0.3478    
163 S 6 S   34.40544 -119.84373 0 BF E 0.2538    
164 S 6 S   34.40467 -119.84438 0 BF E 0.2552    
165 S 6 S   34.40515 -119.84562 0 BF E 0.2768    
166 S 6 S   34.40560 -119.84663 0 BF E 0.2443     
167 S 6 S   34.40599 -119.84772 0 BF E 0.2463    
168 S 6 S   34.40646 -119.84887 0 BF E 0.2655    
169 S 6 S   34.40702 -119.85019 0 BF E 0.2234    
170 S 6 S   34.40770 -119.85207 0 BF E 0.2096     
171 S 6 S   34.40845 -119.85441 0 BF E 0.2295    
172 S 6 S   34.40884 -119.85639 0 BF E 0.2564    
173 S 6 S   34.40902 -119.85933 0 BF E 0.1846    
174 S 6 S   34.40936 -119.86251 0 BF E 0.2527    
175 S 6 S   34.40920 -119.86549 0 BF E 0.2447    
176 S 6 S   34.40903 -119.86707 0 BF E 0.2556     
177 S 6 S   34.40912 -119.86957 0 BF E 0.2189    
178 S 6 S   34.40917 -119.87205 0 BF E 0.2544    
179 S 6 S   34.40859 -119.87559 0 BF E 0.2405    
180 S 6 S   34.40669 -119.87862 0 BF E 0.1671     
181 S 6 S   34.40768 -119.88029 0 BF E 0.2181    
182 S 6 S   34.40925 -119.88161 0 BF E 0.2681    
183 S 6 S   34.41225 -119.88408 0 BF E 0.2493    
184 S 6 S   34.41440 -119.88605 0 BF E 0.2520    
185 S 6 S   34.41678 -119.82696 0 BF E 0.2677    
186 S 6 S   34.41658 -119.82857 0 BF E 0.3750     
187 S 6 S   34.41649 -119.83083 0 BF E 0.3174    
188 S 6 S   34.41590 -119.83452 0 BF E 0.4126    
189 S 6 S   34.41558 -119.83569 0 BF E 0.2472    
190 S 6 S   34.41502 -119.83689 0 BF E 0.2721     
191 S 7 W   34.41636 -119.82775 0 BF E 0.3069    
192 S 7 W   34.41664 -119.82827 0 BF E 0.3452    
193 S 7 W   34.41634 -119.82844 0 BF E 0.2455    
194 S 7 W   34.41628 -119.82941 0 BF E 0.2128    
195 S 7 W   34.41619 -119.83180 0 BF E 0.2631    
196 S 7 W   34.41607 -119.83274 0 BF E 0.2375     
197 S 7 W   34.41588 -119.83388 0 BF E 0.3378    
198 S 7 W   34.41555 -119.83508 0 BF E 0.2554    
199 S 7 W   34.41528 -119.83580 0 BF E 0.1581    
200 S 7 W   34.41495 -119.83682 0 BF E 0.2552     
201 S 7 W   34.41425 -119.83839 0 BF E 0.1690    
202 S 7 W   34.41048 -119.84151 0 BF E 0.1917    
203 S 7 W   34.40505 -119.84343 0 BF E 0.2752    
204 S 7 W   34.40456 -119.84455 0 BF E 0.2657    
205 S 7 W   34.40548 -119.84704 0 BF E 0.2950    
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Table D1 (cont.). Mean grain size data for each sample site. 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean gMed 
206 S 7 W   34.40704 -119.85091 0 BF E 0.3221     
207 S 7 W   34.40823 -119.85547 0 BF E 0.2774    
208 S 7 W   34.40929 -119.86248 0 BF E 0.2243    
209 S 7 W   34.40909 -119.86957 0 BF E 0.2043    
210 S 7 W   34.40905 -119.87292 0 BF E 0.2706     
211 S 7 W   34.40767 -119.87981 0 BF E 0.2793    
212 S 7 W   34.40874 -119.88100 0 BF E 0.2767    
213 S 7 W   34.40897 -119.88107 0 BF E 0.2368    
214 S 7 W   34.41043 -119.88237 0 BF E 0.2277    
215 S 7 W   34.41248 -119.88399 0 BF E 0.2514    
216 S 7 W   34.41421 -119.88553 0 BF E 0.2213     
217 S 6 W   34.39608 -119.53572 0 BF E 0.2430    
218 S 6 W   34.39608 -119.53450 0 BF E 0.2932    
219 S 6 W   34.39611 -119.53453 0 BF E 0.2858    
220 S 6 W   34.39589 -119.53342 0 BF E 0.3260     
221 S 6 W   34.39561 -119.53167 0 BF E 0.3297    
222 S 6 W   34.39514 -119.53050 0 BF E 0.3367    
223 S 6 W   34.39467 -119.52919 0 BF E 0.2677    
224 S 6 W   34.39422 -119.52803 0 BF E 0.4318    
225 S 6 W   34.39369 -119.52694 0 BF E 0.3887    
226 S 6 W   34.39333 -119.52619 0 BF B 0.2435 0.2538 0.2499 
227 S 6 W   34.39286 -119.52528 0 BF E 0.3309    
228 S 6 W   34.39197 -119.52419 0 BF E 0.4087    
229 S 6 W   34.39172 -119.52322 0 BF E 0.3925    
230 S 6 W   34.39078 -119.52156 0 BF E 0.3426     
231 S 6 W   34.38958 -119.52008 0 BF E 0.3306    
232 S 6 W   34.38853 -119.51833 0 BF E 0.2710    
233 S 6 W   34.38711 -119.51342 0 BF E 0.2384    
234 S 6 S   34.39623 -119.53488 0 BF E 0.2914    
235 S 6 S   34.39612 -119.53442 0 BF E 0.3068    
236 S 6 S   34.39605 -119.53402 0 BF E 0.2746     
237 S 6 S   34.39601 -119.53364 0 BF E 0.2576    
238 S 6 S   34.39589 -119.53268 0 BF E 0.2466    
239 S 6 S   34.39573 -119.53183 0 BF E 0.2359    
240 S 6 S   34.39549 -119.53098 0 BF E 0.2515     
241 S 6 S   34.39518 -119.53001 0 BF E 0.2366    
242 S 6 S   34.39482 -119.52912 0 BF E 0.2237    
243 S 6 S   34.39453 -119.52840 0 BF E 0.2438    
244 S 6 S   34.39421 -119.52757 0 BF E 0.2458    
245 S 6 S   34.39383 -119.52668 0 BF E 0.2746    
246 S 6 S   34.39339 -119.52591 0 BF E 0.2475     
247 S 6 S   34.39296 -119.52513 0 BF E 0.2532    
248 S 6 S   34.39247 -119.52417 0 BF E 0.2581    
249 S 6 S   34.39204 -119.52341 0 BF E 0.2456    
250 S 6 S   34.39159 -119.52262 0 BF E 0.2654     
251 S 6 S   34.39108 -119.52188 0 BF E 0.2278    
252 S 6 S   34.39049 -119.52116 0 BF E 0.2437    
253 S 6 S   34.38994 -119.52036 0 BF E 0.2952    
254 S 6 S   34.38949 -119.51962 0 BF E 0.2157    
255 S 6 S   34.38902 -119.51901 0 BF E 0.2129    
256 S 6 S   34.38857 -119.51834 0 BF E 0.2372     
257 S 6 S   34.38796 -119.51742 0 BF E 0.2568    
258 S 6 S   34.38742 -119.51641 0 BF E 0.2806    
259 S 6 S   34.38745 -119.51510 0 BF E 0.2517    
260 S 6 S   34.38727 -119.51400 0 BF E 0.3363     
261 S 6 S   34.38714 -119.51315 0 BF E 0.2750    
262 S 6 S   34.38682 -119.51227 0 BF E 0.2687    
263 S 7 W   34.39605 -119.53397 0 BF E 0.2875    
264 S 7 W   34.39594 -119.53305 0 BF E 0.2434    
265 S 7 W   34.39577 -119.53282 0 BF E 0.3390    
266 S 7 W   34.39571 -119.53243 0 BF E 0.2890     
267 S 7 W   34.39532 -119.53098 0 BF E 0.2825    



 771

Table D1 (cont.). Mean grain size data for each sample site. 
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268 S 7 W   34.39511 -119.53037 0 BF E 0.2905    
269 S 7 W   34.39478 -119.52940 0 BF E 0.3197    
270 S 7 W   34.39493 -119.52928 0 BF E 0.2708     
271 S 7 W   34.39438 -119.52810 0 BF E 0.4838    
272 S 7 W   34.39381 -119.52691 0 BF E 0.3126    
273 S 7 W   34.39307 -119.52568 0 BF E 0.3576    
274 S 7 W   34.39266 -119.52397 0 BF E 0.3092    
275 S 7 W   34.39221 -119.52341 0 BF E 0.2024    
276 S 7 W   34.39157 -119.52220 0 BF E 0.2043     
277 S 7 W   34.39026 -119.52036 0 BF E 0.2439    
278 S 7 W   34.38860 -119.51766 0 BF E 0.2166    
279 S 7 W   34.38755 -119.51446 0 BF E 0.2833    
280 S 6 W   34.24489 -119.26769 0 BF B 1.0459 0.4796 0.4773 
281 S 6 W   34.20672 -119.25422 0 BF E 0.8116    
282 S 6 W   34.21486 -119.25853 0 BF E 0.6368    
283 S 6 W   34.21917 -119.26108 0 BF E 0.5703    
284 S 6 W   34.22361 -119.26389 0 BF E 0.4259    
285 S 6 W   34.22756 -119.26536 0 BF E 0.3927    
286 S 6 W   34.23144 -119.26692 0 BF B 0.3685 0.2450 0.2410 
287 S 6 W   34.23492 -119.26722 0 BF E 0.2940    
288 S 6 W   34.23803 -119.26722 0 BF E 0.3262    
289 S 6 W   34.24208 -119.26739 0 BF E 0.5609    
290 S 6 W   34.27397 -119.28894 0 BF E 0.2906     
291 S 6 W   34.27067 -119.28361 0 BF B 0.3049 0.2885 0.2813 
292 S 6 W   34.26611 -119.27825 0 BF E 0.3045    
293 S 6 W   34.26006 -119.27339 0 BF E 0.3519    
294 S 6 W   34.25603 -119.27114 0 BF E 0.3247    
295 S 6 W   34.27394 -119.30092 0 BF E 0.5451    
296 S 6 W   34.27308 -119.30528 0 BF E 0.4311     
297 S 6 W   34.27372 -119.30608 0 BF E 0.4251    
298 S 6 W   34.27453 -119.30844 0 BF E 0.4364    
299 S 6 W   34.27536 -119.29169 0 BF E 0.3482    
300 S 6 S   34.22030 -119.26190 0 BF E 0.4015     
301 S 6 S   34.21380 -119.25860 0 BF E 0.2420    
302 S 6 S   34.20700 -119.25430 0 BF E 0.3663    
303 S 6 S   34.20210 -119.25170 0 BF E 0.2609    
304 S 6 S   34.19800 -119.24930 0 BF E 0.2977    
305 S 6 S   34.21390 -119.25810 0 BF E 0.4415    
306 S 6 S   34.22360 -119.26370 0 BF E 0.3734     
307 S 6 S   34.22770 -119.26560 0 BF E 0.3812    
308 S 6 S   34.23170 -119.26700 0 BF E 0.3340    
309 S 6 S   34.23500 -119.26760 0 BF E 0.3845    
310 S 6 S   34.23820 -119.26770 0 BF E 0.3522     
311 S 6 S   34.24180 -119.26810 0 BF E 0.3661    
312 S 6 S   34.24400 -119.26810 0 BF E 0.2145    
313 S 6 S   34.25450 -119.27070 0 BF E 0.3240    
314 S 6 S   34.26570 -119.27790 0 BF E 0.2534    
315 S 6 S   34.27010 -119.28200 0 BF E 0.2720    
316 S 6 S   34.27380 -119.28880 0 BF E 0.2669     
317 S 6 S   34.27520 -119.29280 0 BF E 0.1684    
318 S 7 W   34.27549 -119.29528 0 BF E 0.6235    
319 S 7 W   34.27176 -119.28482 0 BF E 0.3687    
320 S 7 W   34.26664 -119.27896 0 BF E 0.3295     
321 S 7 W   34.26226 -119.27512 0 BF E 0.2870    
322 S 7 W   34.25501 -119.27096 0 BF E 0.4210    
323 S 7 W   34.24391 -119.26775 0 BF E 1.1742    
324 S 7 W   34.23922 -119.26743 0 BF E 0.2939    
325 S 7 W   34.23495 -119.26765 0 BF E 0.2915    
326 N     1 34.44705 -120.47138 10 O B 0.1678 0.1890 0.1842 
327 N   1 34.44372 -120.47179 20 O E 0.1410    
328 N   2 34.44631 -120.46303 5 O E 0.1509    
329 N   2 34.44480 -120.46301 10 O B 0.1482 0.1139 0.1138 
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Table D1 (cont.). Mean grain size data for each sample site. 
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330 N     2 34.44008 -120.46232 20 O E 0.1791     
331 N   3 34.44075 -120.45289 5 O B 0. 2217 0.2234 0.2182 
332 N   3 34.44020 -120.45290 10 O B 0.2211 0.2004 0.1948 
333 N   3 34.43857 -120.45285 20 O E 0.3155    
334 N   3 34.44782 -120.44348 5 O B 0. 1666 0.1295 0.1256 
335 N   3 34.44623 -120.44416 10 O B 0.1228 0.1546 0.1392 
336 N     3 34.44071 -120.44464 20 O E 0.1178     
337 N   4 34.44770 -120.43867 5 O E 0.1432    
338 N   4 34.44769 -120.43869 10 O E 0.1042    
339 N   4 34.44239 -120.43807 20 O E 0.1025    
340 N     6 34.44910 -120.41743 5 O E 0.1125     
341 N   6 34.44648 -120.41780 10 O E 0.0821    
342 N   6 34.44122 -120.41878 20 O E 0.0886    
343 N   10 34.45490 -120.36644 5 O E 0.1993    
344 N   10 34.45302 -120.36730 10 O E 0.1055    
345 N   10 34.43973 -120.37117 20 O N      
346 N     15 34.46168 -120.32231 5 O E 0.1288     
347 N   15 34.46045 -120.32213 10 O E 0.0901    
348 N   15 34.45492 -120.32132 20 O E 0.0830    
349 N   20 34.46599 -120.26441 5 O E 0.1472    
350 N     20 34.46181 -120.26556 10 O E 0.0925     
351 N   20 34.45119 -120.26747 20 O E 0.1302    
352 N   24 34.46948 -120.22713 5 O B 0. 1140 0.2212 0.2129 
353 N   24 34.46563 -120.22719 10 O B 0.0988 0.1080 0.0899 
354 N   24 34.45721 -120.22758 20 O B 0.1349 0.1999 0.1934 
355 N   30 34.47060 -120.15890 5 O E 0.1961    
356 N     30 34.46922 -120.15840 10 O E 0.1148     
357 N   30 34.46622 -120.15816 20 O E 0.0866    
358 N   35 34.46475 -120.10824 5 O E 0.1423    
359 N   35 34.46300 -120.10848 10 O E 0.0896    
360 N     35 34.45829 -120.06874 20 O E 0.0834     
361 N   38 34.45828 -120.06873 5 O B 0. 0865 0.1697 0.1653 
362 N   38 34.45827 -120.06873 10 O B 0.0782 0.1223 0.1192 
363 N   38 34.45588 -120.06815 20 O B 0.0836 0.0768 0.0748 
364 N   40 34.45506 -119.99955 5 O E 0.1156    
365 N   40 34.45873 -120.05056 10 O E 0.0907    
366 N     40 34.45568 -120.05180 20 O E 0.0872     
367 N   45 34.45507 -119.99954 5 O E 0.1466    
368 N   45 34.45325 -119.99972 10 O E 0.0872    
369 N   45 34.44883 -120.00021 20 O E 0.0860    
370 N     50 34.43424 -119.93797 5 O G   0.1457 0.1388 
371 N   50 34.43088 -119.94074 10 O E 0.1163    
372 N   50 34.42037 -119.95074 20 O E 0.7083    
373 N   54 34.42762 -119.91366 5 O E 0.1540    
374 N   54 34.42482 -119.91500 10 O E 0.0835    
375 N   54 34.41938 -119.91654 20 O E 0.0825    
376 N     55 34.42114 -119.90409 5 O E 0.2076     
377 N   55 34.41904 -119.90556 10 O N      
378 N   55 34.41624 -119.90709 20 O E 0.0825    
379 N   56 34.41827 -119.89267 5 O E 0.1813    
380 N     56 34.41637 -119.89379 10 O E 0.1612     
381 N   56 34.41130 -119.89636 20 O E 0.0792    
382 N   57 34.41013 -119.88443 5 O E 0.2282    
383 N   57 34.40814 -119.88439 10 O E 0.1345    
384 N   57 34.40293 -119.88442 20 O E 0.0922    
385 N   58 34.40577 -119.87690 5 O E 0.1576    
386 N     58 34.40368 -119.87667 10 O N       
387 N   58 34.40149 -119.87621 20 O E 0.1570    
388 N   59 34.40368 -119.87844 5 O E 0.1707    
389 N   59 34.40239 -119.86345 10 O N      
390 N     59 34.39997 -119.86335 20 O E 0.0854     
391 N   60 34.40660 -119.85310 5 O N      
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392 N   60 34.40283 -119.85385 10 O E 0.1133    
393 N   60 34.39911 -119.85398 20 O E 0.0995    
394 N   61 34.40396 -119.84391 5 O N      
395 N   61 34.40229 -119.84354 10 O E 0.1585    
396 N     61 34.40013 -119.84263 20 O E 0.0847     
397 N   61 34.40558 -119.84166 5 O E 0.1254    
398 N   61 34.40385 -119.83896 10 O E 0.0967    
399 N   61 34.40251 -119.83426 20 O E 0.0853    
400 N     62 34.41421 -119.83186 5 O E 0.0884     
401 N   62 34.40793 -119.82951 10 O E 0.0878    
402 N   62 34.40402 -119.82646 20 O E 0.0800    
403 N   63 34.41479 -119.82300 5 O E 0.0800    
404 N   63 34.40991 -119.82132 10 O E 0.0941    
405 N   63 34.40320 -119.81884 20 O E 0.1071    
406 N     64 34.41530 -119.81140 5 O N       
407 N   64 34.41090 -119.81084 10 O E 0.0785    
408 N   64 34.40315 -119.80963 20 O E 0.1201    
409 N   65 34.41438 -119.80560 5 O E 0.3230    
410 N     65 34.41117 -119.80450 10 O E 0.0892     
411 N   65 34.40393 -119.80150 20 O E 0.1034    
412 N   66 34.41615 -119.79110 5 O E 0.1609    
413 N   66 34.41032 -119.79178 10 O E 0.0826    
414 N   66 34.40419 -119.79117 20 O E 0.0763    
415 N   67 34.41322 -119.77990 5 O E 0.1326    
416 N     67 34.40967 -119.78080 10 O E 0.0874     
417 N   67 34.40272 -119.78272 20 O E 0.0788    
418 N   68 34.40949 -119.77114 5 O E 0.2873    
419 N   68 34.40688 -119.77190 10 O E 0.0799    
420 N     68 34.40076 -119.77375 20 O E 0.0838     
421 N   69 34.40509 -119.75935 5 O E 0.1948    
422 N   69 34.40347 -119.75908 10 O E 0.1036    
423 N   69 34.39843 -119.76010 20 O E 0.0771    
424 N   70 34.40150 -119.74815 5 O E 0.1992    
425 N   70 34.39997 -119.74790 10 O E 0.0834    
426 N     70 34.39643 -119.74922 20 O E 0.0842     
427 N   71 34.39860 -119.73775 5 O E 0.1793    
428 N   71 34.39693 -119.73785 10 O E 0.1038    
429 N   71 34.39208 -119.73787 20 O E 0.0862    
430 N     72 34.39471 -119.72937 5 O E 0.1911     
431 N   72 34.39332 -119.72954 10 O E 0.1877    
432 N   72 34.39064 -119.72942 20 O E 0.1010    
433 N   73 34.39419 -119.71545 5 O E 0.1369    
434 N   73 34.39215 -119.71718 10 O E 0.0774    
435 N   73 34.38813 -119.71830 20 O E 0.0786    
436 N     74 34.39453 -119.70350 5 O E 0.1006     
437 N   74 34.39208 -119.70347 10 O E 0.0892    
438 N   74 34.38853 -119.70266 20 O E 0.0831    
439 N   75 34.40100 -119.69508 5 O E 0.1026    
440 N     75 34.39877 -119.69377 10 O N       
441 N   75 34.39094 -119.69092 20 O E 0.0945    
442 N   76 34.40715 -119.68652 5 O E 0.0798    
443 N   76 34.40494 -119.68497 10 O E 0.1345    
444 N   76 34.39619 -119.67858 20 O E 0.0911    
445 N   77 34.41309 -119.67938 5 O E 0.0839    
446 N     77 34.40884 -119.67701 10 O E 0.0810     
447 N   77 34.39698 -119.67348 20 O E 0.0977    
448 N   78 34.41470 -119.66949 5 O E 0.0796    
449 N   78 34.41147 -119.66923 10 O E 0.0844    
450 N     78 34.40230 -119.66617 20 O E 0.0837     
451 N   79 34.41617 -119.65914 5 O E 0.1294    
452 N   79 34.41265 -119.65849 10 O E 0.0820    
453 N   79 34.40484 -119.65705 20 O E 0.0850    
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454 N   80 34.41609 -119.64765 5 O E 0.1191    
455 N   80 34.41315 -119.64745 10 O E 0.0778    
456 N     80 34.40413 -119.64771 20 O E 0.0808     
457 N   81 34.41560 -119.63471 5 O E 0.0982    
458 N   81 34.41165 -119.63394 10 O E 0.0819    
459 N   81 34.40376 -119.63219 20 O E 0.0858    
460 N     82 34.41746 -119.62565 5 O E 0.0950     
461 N   82 34.41233 -119.62532 10 O E 0.0812    
462 N   82 34.40395 -119.62468 20 O E 0.0827    
463 N   83 34.41941 -119.61497 5 O E 0.0739    
464 N   83 34.41190 -119.61520 10 O E 0.0758    
465 N   83 34.40506 -119.61541 20 O E 0.0887    
466 N     84 34.41801 -119.60471 5 O E 0.1041     
467 N   84 34.41244 -119.60489 10 O E 0.0792    
468 N   84 34.40612 -119.60461 20 O E 0.0859    
469 N   85 34.41687 -119.59302 5 O E 0.1639    
470 N     85 34.41107 -119.59372 10 O E 0.0807     
471 N   85 34.40384 -119.59501 20 O E 0.0845    
472 N   86 34.41262 -119.58218 5 O E 0.2155    
473 N   86 34.40918 -119.58240 10 O E 0.0973    
474 N   86 34.39891 -119.58423 20 O E 0.0853    
475 N   87 34.41158 -119.57075 5 O E 0.2572    
476 N     87 34.40666 -119.57071 10 O E 0.0770     
477 N   87 34.39101 -119.57206 20 O E 0.0799    
478 N   88 34.41249 -119.56021 5 O E 0.1132    
479 N   88 34.40296 -119.56419 10 O E 0.0765    
480 N     89 34.40703 -119.55243 5 O E 0.1603     
481 N   89 34.39866 -119.55530 10 O E 0.0782    
482 N   90 34.40017 -119.54424 5 O E 0.1529    
483 N   90 34.39444 -119.54879 10 O E 0.0776    
484 N   90 34.38611 -119.55487 20 O E 0.0838    
485 N   91 34.39448 -119.53752 5 O N      
486 N     91 34.38983 -119.53939 10 O E 0.2369     
487 N   91 34.38509 -119.54178 20 O E 0.0931    
488 N   92 34.39173 -119.52545 5 O E 0.1677    
489 N   92 34.38919 -119.52642 10 O E 0.0792    
490 N     92 34.38240 -119.53041 20 O E 0.0785     
491 N   93 34.38640 -119.51609 5 O E 0.1185    
492 N   93 34.38471 -119.51622 10 O E 0.0801    
493 N   93 34.37984 -119.51799 20 O E 0.0800    
494 N   94 34.38782 -119.53154 0 O E 0.0921    
495 N   94 34.38356 -119.50270 5 O E 0.1966    
496 N     94 34.38192 -119.50315 10 O E 0.0913     
497 N   94 34.37602 -119.50529 20 O E 0.0865    
498 N   95 34.38229 -119.49526 5 O B 0. 1821 0.1757 0.1720 
499 N   95 34.38051 -119.49545 10 O B 0.0910 0.1016 0.1019 
500 N     95 34.37493 -119.49740 20 O E 0.0894     
501 N   96 34.37866 -119.48504 5 O E 0.1617    
502 N   96 34.37612 -119.48598 10 O E 0.0822    
503 N   96 34.36760 -119.48848 20 O E 0.0840    
504 N   97 34.37132 -119.47901 5 O E 0.1882    
505 N   97 34.36919 -119.47908 10 O N      
506 N     97 34.35990 -119.47980 20 O E 0.1416     
507 N   98 34.37368 -119.46481 5 O E 0.1255    
508 N   98 34.36831 -119.46610 10 O E 0.0843    
509 N   98 34.35455 -119.47138 20 O E 0.0831    
510 N     99 34.36790 -119.45646 5 O E 0.2092     
511 N   99 34.36336 -119.45790 10 O E 0.0773    
512 N   99 34.34940 -119.46210 20 O E 0.0843    
513 N   100 34.36129 -119.44969 5 O E 0.1694    
514 N   100 34.35783 -119.45164 10 O E 0.0814    
515 N   100 34.34686 -119.45681 20 O E 0.0816    
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Table D1 (cont.). Mean grain size data for each sample site. 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean gMed 
516 N     101 34.35410 -119.44130 5 O E 0.1312     
517 N   101 34.34921 -119.44208 10 O E 0.1418    
518 N   101 34.33863 -119.44406 20 O E 0.0824    
519 N   102 34.35253 -119.43149 5 O E 0.1391    
520 N     102 34.34283 -119.43268 10 O E 0.1796     
521 N   102 34.33299 -119.43550 20 O E 0.0848    
522 N   103 34.34589 -119.42494 5 O E 0.1796    
523 N   103 34.34053 -119.42804 10 O E 0.0814    
524 N   103 34.33121 -119.43208 20 O E 0.0864    
525 N   104 34.33865 -119.41552 5 O E 0.1346    
526 N     104 34.33332 -119.41819 10 O E 0.0809     
527 N   104 34.32602 -119.42303 20 O E 0.0837    
528 N   105 34.33436 -119.40893 5 O N      
529 N   105 34.33030 -119.41280 10 O E 0.0829    
530 N     105 34.32327 -119.42036 20 O E 0.0849     
531 N   106 34.32825 -119.40043 5 O E 0.1547    
532 N   106 34.32507 -119.40527 10 O E 0.0893    
533 N   106 34.31903 -119.41405 20 O E 0.0867    
534 N   107 34.32149 -119.39519 5 O E 0.1853    
535 N   107 34.31957 -119.39851 10 O E 0.0901    
536 N     107 34.31530 -119.40863 20 O E 0.0870     
537 N   108 34.31796 -119.39364 5 O E 0.1893    
538 N   108 34.31642 -119.39356 10 O E 0.0872    
539 N   108 34.31145 -119.40107 20 O E 0.0823    
540 N     109 34.31812 -119.37469 5 O E 0.1258     
541 N   109 34.31111 -119.38220 10 O E 0.0826    
542 N   109 34.30515 -119.38851 20 O E 0.0802    
543 N   110 34.31313 -119.36549 5 O E 0.0986    
544 N   110 34.30539 -119.37329 10 O E 0.0823    
545 N   110 34.29909 -119.37867 20 O E 0.0858    
546 N     111 34.30630 -119.35785 5 O E 0.1644     
547 N   111 34.30048 -119.36491 10 O E 0.0839    
548 N   111 34.29480 -119.37063 20 O E 0.0859    
549 N   112 34.30108 -119.34783 5 O E 0.1190    
550 N     112 34.29605 -119.35422 10 O E 0.0879     
551 N   112 34.28860 -119.36095 20 O E 0.0843    
552 N   113 34.29288 -119.34222 5 O E 0.1523    
553 N   113 34.28835 -119.34458 10 O N      
554 N   113 34.28057 -119.35002 20 O E 0.0884    
555 N   114 34.28642 -119.33309 5 O E 0.1602    
556 N     114 34.28381 -119.33501 10 O E 0.0884     
557 N   114 34.27498 -119.34156 20 O E 0.0933    
558 N   115 34.28362 -119.32492 5 O E 0.1392    
559 N   115 34.28039 -119.32762 10 O E 0.0882    
560 N     115 34.26805 -119.33164 20 O E 0.0913     
561 N   116 34.27568 -119.31502 5 O E 0.1882    
562 N   116 34.27371 -119.31669 10 O E 0.0918    
563 N   116 34.26243 -119.32067 20 O E 0.0883    
564 N   117 34.27137 -119.30257 5 O N      
565 N   117 34.26727 -119.30400 10 O E 0.1084    
566 N     117 34.25649 -119.31068 20 O E 0.1070     
567 N   118 34.27358 -119.29296 5 O E 0.1024    
568 N   118 34.26755 -119.29521 10 O E 0.0934    
569 N   119 34.26910 -119.28376 5 O E 0.1416    
570 N     119 34.26582 -119.28700 10 O E 0.1068     
571 N   120 34.26291 -119.27815 5 O E 0.1719    
572 N   120 34.26162 -119.28048 10 O E 0.1089    
573 N   120 34.24662 -119.31031 20 O E 0.0970    
574 N   121 34.25528 -119.27273 5 O E 0.1726    
575 N   121 34.25481 -119.27548 10 O E 0.0972    
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576 N     122 34.24400 -119.26965 5 O E 0.1522     
577 N   122 34.24350 -119.27483 10 O E 0.1059    
578 N   123 34.23793 -119.26933 5 O E 0.1513    
579 N   123 34.23674 -119.27674 10 O E 0.0960    
580 N     123 34.23672 -119.30961 20 O E 0.0904     
581 N   124 34.22757 -119.26802 5 O B 0. 2153 0.1780 0.1835 
582 N   124 34.22630 -119.27790 10 O B 0.0919 0.0714 0.0698 
583 N   124 34.22643 -119.31075 20 O E 0.0856    
584 N   125 34.21879 -119.26409 5 O E 0.1247    
585 N   125 34.21685 -119.26908 10 O E 0.1081    
586 N     0 34.21685 -119.31299 20 O E 0.0854     
587 N   0 34.20727 -119.31721 20 O E 0.0956    
588 N   126 34.20963 -119.25885 5 O E 0.1451    
589 N   126 34.20850 -119.26245 10 O E 0.0893    
590 N     0 34.19756 -119.31316 20 O E 0.0825     
591 N   0 34.18941 -119.31254 20 O E 0.0959    
592 N   127 34.20276 -119.25495 5 O E 0.1468    
593 N   127 34.20130 -119.25761 10 O E 0.0975    
594 N   127 34.17906 -119.31270 20 O E 0.0828    
595 N   128 34.19159 -119.24856 5 O E 0.1669    
596 N     128 34.19064 -119.25140 10 O E 0.0995     
597 N   128 34.17043 -119.30620 20 O E 0.0935    
598 N   129 34.18358 -119.24428 5 O E 0.1100    
599 N   129 34.18251 -119.24720 10 O E 0.1244    
600 N     129 34.15916 -119.29320 20 O E 0.0893     
601 N   130 34.17406 -119.23950 5 O E 0.1345    
602 N   130 34.17283 -119.24206 10 O E 0.0983    
603 N   130 34.15127 -119.28405 20 O E 0.0897    
604 N   131 34.16545 -119.23387 5 O E 0.1207    
605 N   131 34.16328 -119.23728 10 O E 0.0852    
606 N     131 34.14280 -119.27635 20 O E 0.0852     
607 N   132 34.15642 -119.22696 5 O E 0.2197    
608 N   132 34.15474 -119.23411 10 O E 0.0972    
609 N   132 34.14279 -119.25962 20 O E 0.0902    
610 N     133 34.15066 -119.22110 5 O B 0.1816 0.2832 0.2810 
611 N   133 34.14647 -119.22272 10 O B 0.0833 0.0891 0.0865 
612 N   133 34.14032 -119.24239 20 O E 0.0940    
613 N   134 34.14265 -119.21033 5 O E 0.1576    
614 N   134 34.14014 -119.21207 10 O E 0.1076    
615 N   134 34.13533 -119.21512 20 O E 0.0876    
616 N     135 34.14090 -119.19742 5 O E 0.1810     
617 N   135 34.13811 -119.19972 10 O E 0.0926    
618 N   135 34.12229 -119.21182 20 O E 0.0801    
619 N   136 34.13673 -119.18991 5 O E 0.1128    
620 N     136 34.13440 -119.19194 10 O E 0.0984     
621 N   136 34.11967 -119.20190 20 O E 0.1032    
622 N   138 34.12662 -119.17368 5 O E 0.1363    
623 N   138 34.12486 -119.17605 10 O E 0.0845    
624 N   138 34.11166 -119.18854 20 O E 0.0841    
625 N   140 34.11430 -119.15566 5 O E 0.1215    
626 N     140 34.11076 -119.15742 10 O E 0.0816     
627 N   140 34.10024 -119.16669 20 O E 0.0895    
628 N   142 34.10209 -119.13545 5 O E 0.1186    
629 N   142 34.09944 -119.13888 10 O E 0.0749    
630 N     142 34.09235 -119.14134 20 O E 0.0873     
631 N   144 34.09478 -119.11601 5 O E 0.1408    
632 N   144 34.09185 -119.11488 10 O E 0.1002    
633 N   144 34.08747 -119.11489 20 O E 0.0841    
634 N   146 34.09816 -119.09510 10 O E 0.1061    
635 N   146 34.09458 -119.09450 20 O E 0.0858    
636 N     148 34.09084 -119.07241 5 O B 0.1204 0.0704 0.0677 
637 N   148 34.08870 -119.07476 10 O E 0.0891    
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638 N   148 34.08572 -119.07931 20 O E 0.0857    
639 N   149 34.08558 -119.06645 10 O E 0.1065    
640 N     150 34.08492 -119.06128 5 O E 0.3007     
641 N   150 34.08414 -119.06253 10 O E 0.1402    
642 N   150 34.07773 -119.06450 20 O E 0.1174    
643 S 6 W   34.39625 -119.53569   MB E 0.2566    
644 S 6 W   34.39619 -119.53447   MB E 0.2719    
645 S 6 W   34.39606 -119.53339   MB E 0.2380    
646 S 6 W   34.39578 -119.53158   MB E 0.2707     
647 S 6 W   34.39544 -119.53031   MB E 0.2987    
648 S 6 W   34.39522 -119.52889   MB E 0.2062    
649 S 6 W   34.39383 -119.52589   MB E 0.2333    
650 S 6 W   34.39267 -119.52386   MB E 0.3604     
651 S 6 W   34.38997 -119.51975   MB E 0.3914    
652 S 6 W   34.39631 -119.53569   BB E 0.2621    
653 S 6 W   34.39628 -119.53447   BB E 0.2497    
654 S 6 W   34.39619 -119.53333   BB E 0.2708    
655 S 6 W   34.39589 -119.53156   BB E 0.2426    
656 S 6 W   34.39558 -119.53025   BB E 0.2501     
657 S 6 W   34.39542 -119.52883   BB E 0.1861    
658 S 6 W   34.39397 -119.52578   BB B 0.2354 0.2513 0.2476 
659 S 6 W   34.39289 -119.52375   BB E 0.2569    
660 S 6 W   34.39014 -119.51958   BB E 0.3286     
661 S 6 W   34.41722 -119.82614   MB E 0.1604    
662 S 6 W   34.41683 -119.82733   MB E 0.3484    
663 S 6 W   34.41675 -119.82842   MB E 0.1707    
664 S 6 W   34.41658 -119.83172   MB B 0.2750 0.2546 0.2504 
665 S 6 W   34.41586 -119.83494   MB E 0.2330    
666 S 6 W   34.40800 -119.87956   MB E 0.2654     
667 S 6 W   34.41672 -119.88753   MB E 0.3078    
668 S 6 W   34.41931 -119.89083   MB B 0.2735 0.3136 0.3120 
669 S 6 W   34.40708 -119.87817   MB E 0.2148    
670 S 6 W   34.41611 -119.83503   BB E 0.3119     
671 S 6 W   34.40808 -119.87936   BB E 0.1925    
672 S 6 W   34.41683 -119.88736   BB E 0.2308    
673 S 6 W   34.24492 -119.26753   MB B 0.4496 0.5085 0.4800 
674 S 6 W   34.27508 -119.30972   MB E 0.6326    
675 S 6 W   34.27544 -119.29169   MB E 0.4167    
676 S 6 W   34.24517 -119.26700   BB B 0.7008 0.4537 0.4595 
677 S 6 W   34.27567 -119.29158   BB E 0.3553    
678 K   14 34.08825 -119.06479   MB E 1.0332    
679 K   24 34.47085 -120.22627   MB E 0.3543    
680 K     24 34.47107 -120.22728   MB E 0.2936     
681 K   38 34.46280 -120.07163   MB E 0.2572    
682 K   39 34.46254 -120.06665   MB E 0.2994    
683 K   42 34.46091 -120.02942   MB E 0.2802    
684 K   57 34.40806 -119.87963   MB E 0.2274    
685 K   58 34.40932 -119.86980   MB E 0.3888    
686 K     60 34.40758 -119.85080   MB E 0.3989     
687 K   62 34.41597 -119.83446   MB E 0.2208    
688 K   70 34.40368 -119.74709   MB E 0.1738    
689 K   75 34.40271 -119.69506   MB E 0.1656    
690 K     75 34.40266 -119.69557   MB E 0.2971     
691 K   76 34.41060 -119.68976   MB E 0.1426    
692 K   76 34.41031 -119.68925   MB E 0.1913    
693 K   77 34.41457 -119.68030   MB E 0.2058    
694 K   77 34.41444 -119.68027   MB E 0.3062    
695 K   78 34.41610 -119.66998   MB E 0.2747    
696 K     79 34.41709 -119.65842   MB E 0.2454     
697 K   80 34.41737 -119.64716   MB E 0.2325    
698 K   80 34.41732 -119.64719   MB E 0.2529    
699 K   81 34.41637 -119.63601   MB E 0.2136    
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700 K     82 34.41894 -119.62495   MB E 0.2919     
701 K   84 34.41979 -119.60280   MB E 0.2275    
702 K   84 34.41972 -119.60280   MB E 0.3763    
703 K   88 34.41313 -119.55877   MB E 0.2433    
704 K   89 34.40808 -119.55132   MB E 0.1700    
705 K   91 34.39532 -119.52947   MB E 0.1817    
706 K     92 34.39292 -119.52429   MB E 0.2515     
707 K   93 34.38753 -119.51421   MB E 0.2075    
708 K   96 34.37732 -119.48138   MB E 0.2742    
709 K   99 34.37043 -119.45616   MB E 0.2523    
710 K     100 34.36274 -119.44868   MB E 0.2534     
711 K   102 34.35328 -119.42893   MB E 0.2261    
712 K   106 34.32861 -119.39872   MB E 0.4040    
713 K   107 34.31955 -119.39153   MB E 0.3650    
714 K   108 34.32114 -119.37671   MB E 0.4250    
715 K   111 34.30840 -119.35425   MB E 0.2417    
716 K     112 34.30221 -119.34685   MB E 0.2388     
717 K   117 34.27330 -119.30478   MB E 0.4241    
718 K   119 34.27318 -119.28651   MB E 0.3259    
719 K   120 34.26368 -119.27558   MB E 0.3847    
720 K     122 34.25497 -119.27049   MB E 0.3588     
721 K   123 34.24519 -119.26758   MB E 0.2215    
722 K   123 34.23994 -119.26723   MB E 0.2822    
723 K   127 34.19831 -119.24880   MB E 0.4163    
724 K   127 34.19818 -119.24924   MB E 0.3136    
725 K   128 34.19233 -119.24558   MB E 0.3439    
726 K     128 34.19217 -119.24601   MB E 0.3767     
727 K   129 34.18349 -119.24112   MB E 0.3026    
728 K   129 34.18351 -119.24143   MB E 0.6065    
729 K   129 34.18351 -119.24143   MB E 0.3918    
730 K     130 34.17648 -119.23728   MB E 0.2947     
731 K   130 34.17626 -119.23747   MB E 0.3607    
732 K   131 34.16589 -119.23077   MB E 0.3413    
733 K   131 34.16573 -119.23128   MB E 0.3157    
734 K   132 34.15691 -119.22466   MB E 0.2846    
735 K   132 34.15656 -119.22490   MB E 0.2705    
736 K     133 34.14801 -119.21641   MB E 0.3774     
737 K   133 34.14788 -119.21702   MB E 1.1814    
738 K   149 34.08825 -119.06479   MB E 0.4737    
739 K   153 34.07558 -119.02254   MB E 0.4940    
740 K     154 34.06979 -119.01270   MB E 0.3952     
741 K   154 34.06979 -119.01270   MB E 0.7442    
742 K   160 34.05203 -118.96063   MB E 0.3735    
743 K   162 34.04581 -118.93156   MB E 0.4517    
744 K   164 34.04265 -118.91623   MB E 0.5950    
745 K   166 34.03934 -118.89300   MB E 0.5695    
746 K     167 34.03803 -118.87546   MB E 0.3686     
747 K   168 34.03798 -118.87412   MB E 0.4876    
748 K   171 34.02811 -118.84082   MB E 0.5223    
749 K   172 34.02241 -118.83201   MB E 0.4247   
750 K     173 34.01661 -118.82449   MB E 0.4812   
751 K   174 34.01279 -118.81941   MB E 0.5002   
752 K   175 34.00265 -118.80939   MB E 0.6576   
753 K   24 34.47122 -120.22725   BB E 0.2370   
754 K   57 34.40816 -119.87943   BB E 0.2635   
755 K   62 34.41624 -119.83449   BB E 0.3271   
756 K     70 34.40375 -119.74709   BB E 0.3101   
757 K   75 34.40312 -119.69521   BB E 0.3470   
758 K   75 34.41359 -119.69559   BB E 0.3568   
759 K   76 34.41095 -119.69012   BB E 0.3860   
760 K     77 34.41480 -119.68035   BB E 0.3428   
761 K   78 34.41671 -119.66998   BB E 0.4423   
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Table D1 (cont.). Mean grain size data for each sample site. 

Sid Sur Yr Sea Tran Lat Lon Dep Ele Type eMean gMean 
            

762 K   79 34.41718 -119.65847   BB E 0.3105   
763 K   80 34.41745 -119.64715   BB E 0.3548   
764 K   81 34.41645 -119.63603   BB E 0.3423   
765 K   82 34.41910 -119.62491   BB E 0.3329   
766 K     84 34.41996 -119.60266   BB E 0.4570   
767 K   92 34.39309 -119.52410   BB E 0.9926   
768 K   96 34.37740 -119.48125   BB E 0.5550   
769 K   99 34.37063 -119.45587   BB E 0.4051   
770 K     102 34.35342 -119.42882   BB E 0.4353   
771 K   106 34.32863 -119.39865   BB E 0.2328   
772 K   113 34.29609 -119.34184   BB E 0.2294   
773 K   117 34.27352 -119.30477   BB E 0.1616   
774 K   119 34.27330 -119.28643   BB E 0.2319   
775 K   120 34.26381 -119.27528   BB E 0.1547   
776 K     121 34.25517 -119.27030   BB E 0.2352   
777 K   122 34.24533 -119.26720   BB E 0.1230   
778 K   123 34.23952 -119.26615   BB E 0.2359   
779 K   127 34.19855 -119.24815   BB E 0.3874   
780 K     128 34.19255 -119.24495   BB E 0.2014   
781 K   129 34.18362 -119.24032   BB E 0.2212   
782 K   130 34.17656 -119.23686   BB E 0.2423   
783 K   131 34.16596 -119.23025   BB E 0.3050   
784 K   133 34.14817 -119.21560   BB E 0.2453   
785 K   135 34.14426 -119.19884   BB E 0.2493   
786 K     136 34.14032 -119.19058   BB E 0.2531   
787 K   149 34.08860 -119.06422   BB E 0.2265   
788 K   154 34.06992 -119.01259   BB E 0.2741   
789 K   171 34.02829 -118.84056   BB E 0.1726   

 



 780

Box-Core Data 

In October 2007, 123 sediment samples were collected from 48 box-core sample locations. For 

the methods applied and analysis of the results see Chapter 5. Data are summarized in figures D3 and 

D4 and and tabulated in table D2. 

 

Figure D3. Box-core locations from the October 2007 survey. 
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Figure D4. Box-core grain-size variation from the October 2007 survey. 
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Table D2. Box-core sample grain-size data from the October 9-11, 2007, survey, sorted by latitude. 

Site 
 

Core depth 
(cm) 

Latitude 
 

Longitude
 

Depth  
(m) 

mean  
(µm) 

d10 
 (µm) 

d50  
(µm) 

d90  
(µm) 

SB304 0 34.1000 -119.1667 20.7 90.4 55.5 107.4 158.6 
SB304 4 34.1000 -119.1667 20.7 69.0 15.6 97.7 144.2 
SB304 8 34.1000 -119.1667 20.7 64.0 12.9 95.1 143.5 
SB298 0 34.1199 -119.2018 20.4 97.7 45.7 119.6 196.0 
SB298 5 34.1199 -119.2018 20.4 60.4 14.0 83.1 156.6 
SB298 9 34.1199 -119.2018 20.4 99.8 33.6 115.8 258.7 
SB295 0 34.1224 -119.2117 20.7 132.9 71.5 152.9 259.7 
SB295 5 34.1224 -119.2117 20.7 71.1 8.7 118.9 227.0 
SB295 10 34.1224 -119.2117 20.7 36.6 3.4 49.3 245.0 
SB286 0 34.1425 -119.2592 18.9 61.3 25.0 78.0 131.3 
SB286 3 34.1425 -119.2592 18.9 64.1 21.7 79.3 151.1 
SB286 7 34.1425 -119.2592 18.9 67.3 32.1 84.7 137.0 
SB-A9 0 34.1492 -119.2451 17.1 71.8 35.5 88.1 138.0 
SB-A9 5 34.1492 -119.2451 17.1 69.0 27.1 87.5 140.9 
SB-A9 9 34.1492 -119.2451 17.1 37.8 6.0 62.0 122.3 
SB276 0 34.1592 -119.2930 18.6 53.5 17.4 71.1 117.3 
SB276 5 34.1592 -119.2930 18.6 48.2 13.1 67.4 113.9 
SB276 8 34.1592 -119.2930 18.6 58.3 20.2 74.9 121.7 
SB-A8 0 34.1650 -119.2589 16.5 72.4 34.9 89.4 139.2 
SB-A8 6 34.1650 -119.2589 16.5 47.2 11.3 74.6 134.5 
SB-A7 0 34.1859 -119.2790 17.4 65.6 29.7 81.8 137.4 
SB-A7 5 34.1859 -119.2790 17.4 44.3 16.5 52.9 120.6 
SB-A7 8 34.1859 -119.2790 17.4 58.1 21.2 77.7 135.0 
SB266 0 34.1976 -119.3130 18.6 NaN NaN NaN NaN 
SB266 5 34.1976 -119.3130 18.6 30.4 3.9 40.2 135.2 
SB266 10 34.1976 -119.3130 18.6 NaN NaN NaN NaN 
SB-A6 0 34.2058 -119.2893 17.4 67.7 34.9 81.2 134.3 
SB-A6 5 34.2058 -119.2893 17.4 51.3 28.0 59.0 104.0 
SB256 0 34.2367 -119.3096 18.6 67.9 26.1 87.1 145.4 
SB256 4 34.2367 -119.3096 18.6 62.0 18.2 86.2 149.7 
SB256 8 34.2367 -119.3096 18.6 45.1 15.2 56.0 119.4 
SB242 0 34.2564 -119.3103 18.0 NaN NaN NaN NaN 
SB242 5 34.2564 -119.3103 18.0 12.9 2.3 14.9 55.5 
SB242 10 34.2564 -119.3103 18.0 NaN NaN NaN NaN 
SB248 0 34.2617 -119.2806 10.1 33.6 6.5 41.6 133.4 
SB248 5 34.2617 -119.2806 10.1 54.1 10.5 82.8 152.7 
SB248 10 34.2617 -119.2806 10.1 83.1 33.1 106.7 172.9 
SB246 0 34.2661 -119.2868 9.1 55.1 22.6 68.3 127.3 
SB246 5 34.2661 -119.2868 9.1 89.2 46.4 102.9 193.0 
SB246 10 34.2661 -119.2868 9.1 74.1 38.0 90.2 165.6 
SB241 0 34.2672 -119.3041 8.8 71.1 31.2 90.8 139.2 
SB241 5 34.2672 -119.3041 8.8 85.3 51.4 103.4 160.8 
SB232 0 34.2835 -119.3354 9.1 42.4 11.3 56.0 109.1 
SB232 5 34.2835 -119.3354 9.1 48.2 12.6 62.5 124.3 
SB217 0 34.3105 -119.3822 9.4 77.9 46.0 94.5 136.4 
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Table D2 (cont.). Box-core sample grain-size data from the October 9-11, 2007, survey, sorted by latitude. 

Site 
 

Core depth 
(cm) 

Latitude 
 

Longitude
 

Depth  
(m) 

mean  
(µm) 

d10 
 (µm) 

d50  
(µm) 

d90  
(µm) 

SB217 2 34.3105 -119.3822 9.4 73.2 30.3 95.6 134.1 
SB217 7 34.3105 -119.3822 9.4 76.1 37.4 97.5 140.3 
SB209 0 34.3190 -119.4138 18.6 42.1 6.4 71.1 119.8 
SB209 5 34.3190 -119.4138 18.6 51.8 10.7 76.8 120.4 
SB209 10 34.3190 -119.4138 18.6 36.2 5.6 61.4 121.0 
SB196 0 34.3426 -119.4325 10.4 NaN NaN NaN NaN 

SB196B 0 34.3429 -119.4326 10.4 246.5 95.1 324.8 560.8 
SB196B 5 34.3429 -119.4326 10.4 84.7 6.5 172.9 488.4 
SB198 0 34.3458 -119.4247 4.6 175.1 117.5 181.3 279.3 
SB198 5 34.3458 -119.4247 4.6 177.5 73.0 151.0 659.3 
SB193 0 34.3491 -119.4415 10.7 37.5 6.3 59.4 118.9 
SB193 5 34.3491 -119.4415 10.7 46.4 8.7 69.0 124.2 
SB193 10 34.3491 -119.4415 10.7 30.4 4.4 47.2 109.0 
SB193 15 34.3491 -119.4415 10.7 39.0 4.0 64.3 168.7 
SB182 0 34.3603 -119.4795 19.2 40.7 5.5 58.9 194.2 
SB182 5 34.3603 -119.4795 19.2 85.8 7.0 121.8 517.8 
SB182 10 34.3603 -119.4795 19.2 24.2 3.1 26.6 146.1 
SB182 15 34.3603 -119.4795 19.2 35.3 3.0 35.7 417.2 
SB182 20 34.3603 -119.4795 19.2 16.5 2.8 16.5 98.4 
SB184 0 34.3684 -119.4660 9.8 71.5 38.3 85.0 134.9 
SB184 3 34.3684 -119.4660 9.8 81.2 50.5 91.5 142.2 
SB184 6 34.3684 -119.4660 9.8 65.4 31.3 82.8 134.6 
SB169 0 34.3803 -119.5183 19.5 39.9 6.9 61.9 125.7 
SB169 5 34.3803 -119.5183 19.5 46.9 7.3 75.7 135.8 
SB169 10 34.3803 -119.5183 19.5 57.9 12.3 84.3 143.0 
SB166 0 34.3827 -119.5311 19.8 51.6 10.5 73.3 130.8 
SB166 5 34.3827 -119.5311 19.8 43.3 8.0 64.8 119.1 
SB166 10 34.3827 -119.5311 19.8 49.3 7.8 72.4 143.3 
SB165 0 34.3892 -119.5266 10.1 62.2 14.7 88.2 142.5 
SB165 5 34.3892 -119.5266 10.1 70.8 28.4 90.0 147.6 
SB117 0 34.3908 -119.6908 20.4 198.2 8.9 717.3 1404.3 
SB117 5 34.3908 -119.6908 20.4 17.2 3.1 17.9 109.8 
SB107 0 34.3930 -119.7294 11.0 127.4 90.2 142.1 206.2 
SB107 5 34.3930 -119.7294 11.0 90.9 24.9 126.0 184.5 
SB-A2 0 34.3984 -119.6861 13.7 298.3 161.4 315.1 741.8 
SB-A2 5 34.3984 -119.6861 13.7 NaN NaN NaN NaN 
SB-A1 0 34.3995 -119.6887 11.6 59.8 9.6 74.9 266.2 
SB-A1 5 34.3995 -119.6887 11.6 271.5 164.2 285.0 509.2 
SB72 0 34.4000 -119.8424 18.3 73.3 10.0 101.0 310.2 
SB72 5 34.4000 -119.8424 18.3 28.3 4.4 33.4 148.6 
SB62 0 34.4013 -119.8758 19.8 NaN NaN NaN NaN 
SB62 5 34.4013 -119.8758 19.8 NaN NaN NaN NaN 
SB62 10 34.4013 -119.8758 19.8 34.3 4.8 55.5 133.5 

SB-A3 0 34.4019 -119.6763 15.2 67.0 8.2 137.1 265.2 
SB-A3 5 34.4019 -119.6763 15.2 24.8 3.5 22.6 235.2 
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Table D2 (cont.). Box-core sample grain-size data from the October 9-11, 2007, survey, sorted by latitude. 

Site 
 

Core depth 
(cm) 

Latitude 
 

Longitude
 

Depth  
(m) 

mean  
(µm) 

d10 
 (µm) 

d50  
(µm) 

d90  
(µm) 

SB71 0 34.4019 -119.8434 10.1 NaN NaN NaN NaN 
SB71 5 34.4019 -119.8434 10.1 NaN NaN NaN NaN 
SB75 0 34.4024 -119.8346 18.9 33.6 4.9 48.7 154.1 

SB155 0 34.4031 -119.5646 10.1 NaN NaN NaN NaN 
SB155 5 34.4031 -119.5646 10.1 81.6 50.0 95.4 148.1 
SB84 0 34.4032 -119.8095 18.9 134.0 10.6 197.2 686.2 
SB84 5 34.4032 -119.8095 18.9 57.3 6.2 110.4 259.8 
SB98 0 34.4034 -119.7591 7.9 100.1 72.1 118.7 154.1 
SB98 5 34.4034 -119.7591 7.9 107.9 71.0 126.1 185.2 
SB78 0 34.4036 -119.8266 18.9 49.7 6.8 83.7 169.6 
SB78 5 34.4036 -119.8266 18.9 86.1 13.5 132.6 193.3 
SB78 10 34.4036 -119.8266 18.9 87.3 16.8 128.2 182.4 

SB138 0 34.4039 -119.6251 20.7 42.7 6.5 56.2 195.6 
SB138 5 34.4039 -119.6251 20.7 37.2 5.5 50.2 182.4 
SB138 10 34.4039 -119.6251 20.7 28.5 4.1 35.2 170.4 
SB138 15 34.4039 -119.6251 20.7 NaN NaN NaN NaN 
SB138 18 34.4039 -119.6251 20.7 47.6 5.4 71.4 210.1 
SB119 0 34.4048 -119.6851 9.4 89.1 36.5 88.4 299.1 
SB119 5 34.4048 -119.6851 9.4 51.1 9.3 64.6 200.4 
SB-A4 0 34.4058 -119.6648 18.0 23.0 3.8 28.0 120.7 
SB-A4 5 34.4058 -119.6648 18.0 43.4 6.3 57.7 208.4 
SB-A4 10 34.4058 -119.6648 18.0 44.0 4.7 66.3 212.4 
SB-A4 20 34.4058 -119.6648 18.0 55.0 5.5 91.5 250.0 
SB77 0 34.4075 -119.8295 9.4 86.0 40.5 105.5 172.5 
SB77 5 34.4075 -119.8295 9.4 23.1 3.0 29.6 111.8 

SB149 0 34.4091 -119.5832 10.7 95.6 19.5 118.5 277.2 
SB80 0 34.4101 -119.8212 9.1 66.1 16.6 86.6 167.8 
SB80 5 34.4101 -119.8212 9.1 48.4 8.4 72.0 135.0 

SB128 0 34.4123 -119.6587 11.6 47.8 7.6 69.0 175.1 
SB128 5 34.4123 -119.6587 11.6 59.9 9.0 82.9 211.5 
SB128 10 34.4123 -119.6587 11.6 99.3 27.1 125.7 292.4 
SB-A5 0 34.4128 -119.6644 9.1 54.9 8.1 78.5 237.8 
SB-A5 5 34.4128 -119.6644 9.1 84.4 9.6 150.1 302.2 
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Appendix E – Modeling Report 

This appendix contains the modeling report submitted by John Brocatus as part of his M.S. 

Thesis in Coastal Engineering at Delft University of Technology. The report is part of the cooperation 

between Deltares and United States Geological Survey (USGS), and was funded by the USGS through a 

grant from BEACON. A summary of this report is presented in Chapter 9 (Numerical Modeling 

Sediment Budget Analysis for the Santa Barbara Littoral Cell using Delft3D) of the main report. 
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Summary 

The Santa Barbara Littoral Cell is one of the longest cells in southern California. At 
Point Conception, the coastline abruptly changes from a north/south orientation to an 
east/west orientation. There is a gradual change in the type of coastline from west to 
east.  From Point Conception up to almost 15 miles west of the city of Goleta, the 
coastline primarily consists of bluffs. Then, while less exposed to the northwestern 
swell, the coastline consists of bluffs altering with primarily narrow beaches from Goleta 
up to the city of Ventura.  From there, up to the Mugu Submarine Canyons, the Ventura 
River and the Santa Clara River have created a large alluvial plane. The majority of 
beaches within the Santa Barbara and Ventura County study area are narrow and 
ephemeral. The beaches near the cities of Goleta and Carpinteria and the Ventura 
River mouth are facing coastal retreat due to erosion. At present, most erosion 
problems within the region are thought to be induced by human interference into the 
coastal system. Besides the damming and canalization of rivers, also the armouring of 
the coastline and the disruption of the longshore sediment transport by the construction 
of breakwaters and jetties has reduced the sediment supply necessary to preserve the 
beaches. The aim of this study is to identify and quantify the pathways of sediment 
transport within the Santa Barbara Littoral Cell. A Delft3D numerical model is used to 
model the hydro- and morphodynamics. 
 
Input filtering techniques are used to simplify relevant hydrodynamic input conditions to 
reduce the run time for the simulation. With respect to the wave climate, this implies 
that the model is only forced with the wave conditions that contribute most to the 
longshore sediment transport. The entire wave climate is schematised into a 
morphological representative wave climate that consists of ten wave conditions. Four 
wave conditions originate from the south/south-east whereas the remaining conditions 
originate from the west. The relative root mean square error between the total sediment 
transport and the sediment transport resulting from the reduced set of wave conditions 
is 5.62%. Originally, these waves are present during 30 days a year, but in order to 
resemble the total transport, their total probability of occurrence is increased to 61.97 % 
or 226 days a year. 
The schematisation of the tide is based on a reduction of the tidal constituents. The 
original set, the astronomical tide, consists of 37 constituents. The reduced tide (so-
called morphological tide) consists of three constituents that dominate the flow and 
sediment pattern. The flow pattern of the morphological tide has a strong correlation 
with the flow pattern of the astronomical tide, although current magnitudes are being 
underestimated by approximately 50%. Consequently, the same is observed for the tide 
induced sediment transport. The almost negligible contribution of the tide to the 
sediment transport with respect to the contribution of the waves justifies the use of the 
morphological tide. 
 
The model results show a high correlation with the data. The abrupt counter clockwise 
rotation of the coastline at the western side of Ellwood Beach locally increases the 
residual velocities. Halfway Ellwood Beach, the coastline bends back in seaward 
direction and the velocities decrease up to Devereux Slough. Consequently, erosion 
occurs at the western part of Ellwood Beach, whereas the eastern side of the beach in 
front of the Devereux Slough accretes. At Isla Vista Beach, a similar pattern is 
observed. The lack of sediment being transported around Campus Point however 
prevents the beaches of UCSB and the part of Goleta Beach west to Goleta Slough to 
accrete. East of Goleta slough, the residual current increases and is dominated by 
western swell, resulting in an eroding trend of Goleta Beach.  
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There is a long-term trend of erosion at the City of Carpinteria Beach and accretion at 
the eastern side of Carpinteria state Beach. The revetment along the coastline directly 
upcoast of the City of Carpinteria Beach and along Sandyland, maintains the erosion at 
the City of Carpinteria Beach. While the revetment prevents erosion at Sandyland and 
fixates Sandy Point, rotation of the coastline (i.e. reducing the angle of wave approach) 
is restricted to the beaches in front of Carpinteria. The fixation of Sandyland prevents 
the adaptation of the coastline to the prevailing wave condition and maintains the 
relative large angle of wave approach of western swells. 
 
The erosion within the Santa Barbara Littoral Cell is not associated with a significant 
reduction of sediment supply from the upstream rivers by human alterations, but 
primarily caused by the prevailing wave climate and the local orientation of the 
coastline. The beaches that face erosion or accretion locally have strong gradients in 
the sediment transport. These gradients are the primary source of erosion and 
accretion. Increasing the amount of sediment supply (e.g. by dam removal or beach 
nourishments), will not have effect on the transport gradients and will therefore not 
solve the erosion problems. 
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1 Introduction 

1.1 What is littoral drift? 

In the surf zone, a lot of complex hydrodynamic processes take place. The most 
obvious one is the dissipation of wave energy due to breaking. When waves break in 
the surf zone, the loss of energy it involves will result in a setup of the water level inside 
the surf zone (Patsch and Griggs, 2006). This wave setup is counteracted by an 
undertow in the seaward direction that compensates the mass transport in the crest of 
the breaker. (Van de Graaff, 2006)  Oblique incoming waves that break at an angle with 
respect to the shoreline will create a gradient in the water level setup directed parallel to 
the shoreline (Patsch and Griggs, 2006). The gradient will induce a current parallel to 
the coast, which is referred to as an alongshore or littoral current. Since the wave setup 
takes place in the breaker zone, the littoral current will also be concentrated in the 
breaker zone. This current, in combination with the turbulence of the breaking waves 
that tend to suspend sediment, is the driving force of sediment movement along the 
shore. The uprush of water, or swash, will move the sediment particles at an angle onto 
the shore face (Figure 1-1). When the wave retreats, the backwash of water will 
transport sediment at a slight downcoast1 angle. As a result, a current of sediment 
particles will develop in the direction of the longshore current, the so-called littoral drift. 
The littoral drift in itself does not cause any changes in the coastline. Only when a 
gradient in the sediment transport rates is present, there will be erosion or 
sedimentation (Van de Graaff, 2006). 
 
 

 
Figure  1-1 Development of a longshore current due to oblique incoming waves. This current is, together 

with the turbulence of the breaking waves, the driving force for sediment movement along the 
shore. The net movement of sediment in the direction of the littoral current is referred to as 
the littoral drift. 

 
 

                                                  
1 In this study, downcoast refers to an eastern/south-eastern direction. 
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The effect of the angle of wave incidence on the littoral drift can be examined by the 
relationship between the longshore sediment transport through the breaker zone (S) 
and the deep water wave angle (φ0). In the CERC-formula (1.1), which is an empirical 
prediction of alongshore sediment transport, the relation between the sediment 
transport and the angle of wave approach is expressed as; 
 

5
2

1 1 0sin(2 )bS H Kα ϕ=       (1.1) 
 

 
Figure  1-2 Relation between longshore sediment transport (Sx) and angle of wave approach (φ0) 

 
The sinusoidal character of the deepwater wave angle indicates that the maximum 
longshore sediment transport occurs for waves that approach with an angle of 45° with 
respect to the shore normal (Van de Graaff, 2006). For wave angles larger than 45°, the 
longshore sediment transport (Sx) decreases again. The (S, φ)-diagram illustrates this 
relationship (Figure 1-2).  
 
The direction of the littoral drift might be directed to the right (looking seaward) during 
part of the year and to the left during the remainder of the year. If the left and right 
transports are denoted QlL and QlR, respectively, with QlR being positive and QlL being 
negative, then, according to Inman and Masters (1991), the net annual transport QlNET 
is defined as: 
 
 lNET lR lLQ Q Q= +        (1.2) 
 
This implies that the net longshore sediment transport rate is directed to the right and 
positive if QlR> QlL and directed to the left and negative if QlR< |QlL|. The gross annual 
longshore transport QlGROSS is defined as the sum of the magnitudes of the littoral 
transport, irrespective of the direction:  
 

lGROSS lR lLQ Q Q= +        (1.3) 

 
These two different definitions of sediment movement have their own specific 
applications. For example, the gross sediment transport can give insight in the shoaling 
rates in navigation channels, whereas the net sediment transport is useful to determine 
the long term erosion/sedimentation rates along the coast. 
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1.2 What are littoral cells? 

The Californian coastline can be divided into a number of segments in which the littoral 
sediment transport is said to be bounded (Patsch and Griggs, 2006). Each segment has 
its own sediment sources and sinks, and little or no littoral sediment transport takes 
place between adjacent segments (Figure 1-3). These segments, which are referred to 
as littoral cells, start ideally with a section of coast along which no or little sediment 
transport occurs. The sediment sources within a littoral cell can be either natural or 
artificial. River and stream runoff is the main component of natural sediment input for 
the Californian coastal system. Other natural input components, like bluff erosion and 
cross-shore exchange of sediment, are also significant but contribute mostly to a lesser 
extent. Typical forms of artificial sediment supply are beach nourishment and sand 
bypassing. 
 

 
Figure  1-3 The littoral cell concept. The sediment transport within the cell is bounded, indicating that no 

sediment will be transported through the cell boundaries. 

 
At the end of the littoral cell, sediment is permanently lost from the system. In California, 
this is often caused by the presence of submarine canyons. These canyons trap the 
littoral drift by depositing the sediment in the deepest basins in which it can never find 
its way back to the shore. Also an abrupt change in the direction of the coastline can 
result in a permanent loss of littoral sediment. In that case, most sediment will, instead 
of being transported around the point at which the coast changes direction, be 
transported to the offshore. 
 
 



October 2008  Sediment Budget Analysis of the Santa Barbara Littoral Cell
  
 

4 Deltares
 

1.3 Santa Barbara Littoral Cell 

1.3.1 General overview 

One of the longest cells in southern California is the Santa Barbara Littoral Cell (SBLC). 
The mouth of the Santa Maria River is currently used as the northern boundary of this 
cell. Originally, Habel and Armstrong (1978) defined the northern boundary of the Santa 
Barbara Littoral Cell south of the Santa Ynez River. Patsch (2004) concluded that the 
boundary needed to be extended to include the Santa Maria River Mouth (Patsch and 
Riggs, 2007). From there, the cell stretches 230 kilometres towards the submarine 
canyon at Point Mugu. According to Patsch and Griggs (2007), this canyon function as 
an almost complete trap for the littoral drift and can therefore be seen as the downdrift 
boundary of the cell. The 40-kilometre wide Santa Barbara Channel separates the so-
called Northern Channel Islands from the mainland (Figure 1-4). These islands used to 
be a single landmass known as Santa Rosae, but ongoing erosion divided the 
landmass into four islands: Santa Rosa, Santa Cruz, San Miguel and Anacapa Island. 
Tectonic plate movement along the San Andreas Fault caused the Santa Barbara 
channel and the Santa Ynez Mountain Range to become aligned east to west (Henson 
and Usner, 1996). As a result, the coastline changes from a north/south orientation to 
an east/west orientation at Point Conception. This, together with the position of the 
Northern Channel Islands, result in a wave climate in the Santa Barbara Channel that is 
less energetic than along most parts of the Californian coastline. The east/west 
orientation shelters the coastline from swell that predominantly comes from the 
west/north-western direction, while the Northern Channel Islands provide some shelter 
to the less frequently occurring southern swell. 
 
 
 
 
 
 

 

Figure  1-4 Map of North America. Detailed window: at the west coast, in the State of California, the Santa 
Barbara Channel is located. The east/west orientation of the coastline provides some shelter 
to swell that predominantly come from the north-west direction. 

Pt. Conception Goleta
Santa Barbara

Carpinteria

Santa Barbara Channel

Northern Channel Islands

Ventura River

Santa Clara River

Mugu Submarine Canyon
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From Point Conception up to almost 15 miles west of the city of Goleta, the coastline 
primarily consists of bluffs. Between the cities of Goleta and Ventura, bluffs alternating 
with primarily narrow beaches dominate. Southeast of Ventura, up to the Mugu 
Submarine Canyon, the Ventura and Santa Clara River have created an alluvial plane. 
As a result, the nearshore seabed is relatively shallow and the beaches are wide in the 
Santa Clara region due to the massive sediment supply.  
 
1.3.2 Hydrodynamics 

Tide 
In the Santa Barbara Channel, a diurnal tide is present that has a strong semi-diurnal 
distortion (Figure 1-5). The diurnal range is  1,64 m (http://tidesandcurrents.noaa.gov)), 
and the maximum observed tide levels are 1,39 m above mean sea level (MSL) and 
1,74 m below MSL (Appendix C, Table C.1.1).  The tidal velocities along the coast are 
generally weak (< 5 cm/s), although near the eastern entrance of the Santa Barbara 
Channel tidal currents are about 15 cm/s (Münchow, 1997). Tidal information is 
provided by NOAA (National Ocean and Atmospheric Administration) tide gauge station 
9411349 at Santa Barbara Harbor. By harmonic tidal analysis, 37 tidal constituents are 
derived from a 10-year time series of sea level data. The eight dominant constituents 
for the tidal water level variations are given in Table 1.1. 
 
 

 
Figure  1-5 Tidal data at NOAA tide gauge station 9411340 at Santa Barbara Harbor. The tide has a diurnal 

character with a strong semi-diurnal distortion. Water levels are related to the Mean Lower 
Low Water (MLLW), which is 0,029 m below NAVD. 

 
 
Table 1.1 Tidal constituents that dominate the tidal water level variations 

Const. Amplitude 
[m] 

Angular frequency 
[deg/hr] Const. Amplitude 

[m] 
Angular frequency 

[deg/hr] 

M2 0.4781 28.984104 N2 0.1136 28.439712 

K1 0.3430 15.041052 P1 0.1091 14.958936 

O1 0.2226 13.943052 K2 0.0498 30,082140 

S2 0.1758 30.000000 Q1 0.0359 13,398660 
 
 
 

http://tidesandcurrents.noaa.gov
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The California Current (CC) 
and its counterpart, the 
Southern California 
Countercurrent (SCC), 
dominate the flow pattern 
within the Santa Barbara 
Channel (Hickey, 1992). The 
SCC enters the Santa Barbara 
Channel between Anacapa 
Islands and the mainland, and 
flows along the mainland in 
western direction (Figure 1-6). 
At the time of high water at 
Santa Barbara, the tidal 
velocities are at their 
maximum and flows through 
the Eastern entrance into the 
channel. At low water, the tidal 
current flows out of the 
channel in the east and into 
the channel in the west 
(Münchow, 1997). 
 
Wave climate 
Swells at the SBLC have a narrow directional window due to the change of coastline 
orientation and the sheltering effect of the Northern Channel Islands. In the Santa 
Barbara Channel, the wave climate is dominated by west/northwestern swells that 
occur 85 % of the time. The less frequently occurring southern swell penetrates into the 
Santa Barbara Channel entrance between the Northern Channel Islands and Point 
Mugu. The Northern Channel Islands shelter most of the south facing coastline from 
extreme wave events. As a result, the wave climate along the coastline between Goleta 
and Oxnard is considered tranquil, with wave heights that rarely exceed 2 metre 
(Barnard, 2007). The wave pattern at the coast is complex due to refraction, diffraction 
and reflection induced by the Northern Channel Islands.  
 
Various wave buoys are available to provide information on the local wave climate 
(Figure 1-7). The offshore wave conditions that represent the western swell are derived 
from a discus buoy (station nr. 46063) owned by the National Data Buoy Centre 
(NDBC). Information on the less frequently occurring south-eastern swell is provided by 
buoy station nr. 46069. The wave climate schematisation used in this study is based on 
data from both buoys. The waves are classified in a wave climate table. The primary 
wave properties, like significant wave height (Hs), peak period (Tp), direction and 
probability of occurrence (P), are categorised into wave height and direction classes 
(Table 1.2 – 1.5). Direction classes range from East to Northwest (105°N - 345°N), 
whereas wave height classes range from 0.0 – 7.5 m. For each group, the probability of 
occurrence (P) is calculated by dividing the number of wave conditions within that group 
by the total amount of wave conditions during the period of interest.  

  

Figure 1-6 Circulation pattern in the Southern California Bight   
From: http://seis.natsci.csulb.edu/bperry/scbweb/circulation 
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Figure  1-7 Location of wave buoys. Offshore wave buoys: 46063 and 46069 (NDBC). Nearshore wave 

buoys: 46216 and 46217 (CDIP). 

 
About 75% of all waves within the dataset originate from the west/north-west (270°N - 
315°N). Waves from this direction have wave heights ranging from 0.5 – 7.4 m, 
although waves higher than 5.0 m rarely occur (Table 1.20. The peak period is about 10 
seconds for wave heights up to 3.0 m, but increases up to 16 seconds or more for wave 
heights larger than 5.0 m. No waves come from the North (335°N or more) due to the 
sheltering effect of Point Conception. 
 
The south/south-eastern swell direction ranges from 135°N - 195°N and contributes 
only 12% to the total dataset. The wave heights are, with a peak value of 4.4 m, lower 
than swells originating from the west/north-west. The peak periods are relatively higher 
for south/south-eastern swells (~15.0 – 18.5 sec) than for west/north-western swells 
(~10.0 – 18.0 sec). 
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Table 1.2 Wave climate table. Significant wave height (m)of the different wave conditions.  

105 135 150 165 180 195 225 240 255 270 285 300 315 330
135 150 165 180 195 225 240 255 270 285 300 315 330 345

1,30 1,29 1,29 1,29 1,28 1,24 1,26 1,20 1,27 1,28 1,30 1,30 1,32 1,35

1,65 1,77 1,69 1,67 1,67 1,69 1,70 1,70 1,74 1,74 1,77 1,77 1,79 1,76

2,07 2,15 2,21 2,21 2,16 2,21 2,24 2,24 2,23 2,23 2,25 2,24 2,23 2,25

0,00 0,00 0,00 2,65 0,00 0,00 2,71 2,62 2,72 2,72 2,74 2,71 2,73 2,77

0,00 3,02 3,42 3,36 0,00 0,00 0,00 0,00 3,22 3,25 3,24 3,23 3,25 3,27

0,00 0,00 3,76 3,75 3,95 3,67 3,69 3,75 3,69 3,72 3,74 3,69 3,71 3,67

0,00 0,00 4,11 4,19 0,00 0,00 0,00 0,00 0,00 4,21 4,23 4,22 4,24 4,29

0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 4,69 4,72 4,71 4,73 4,74 0,00

0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 5,21 5,29 5,28 0,00 0,00

0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 5,71 5,74 5,81 0,00 0,00

0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 6,19 6,19 6,18 0,00 0,00

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,61 6,61 6,78 0,00 0,00

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,18 7,27 7,08 0,00 0,00

6,50 - 7,00
7,00 - 7,50

0,00 - 1,50 
1,50 - 2,00
2,00 - 2,50
2,50 - 3,00
3,00 - 3,50
3,50 - 4,00

4,50 - 5,00
5,00 - 5,50
5,50 - 6,00
6,00 - 6,50

Mean wave height (m) 

Wave height
Wave direction sector (degrees w .r.t. North)

4,00 - 4,50

Hs (m)

 
Table 1.3 Wave climate table. Peak wave period (sec) for each wave condition 

105 135 150 165 180 195 225 240 255 270 285 300 315 330
135 150 165 180 195 225 240 255 270 285 300 315 330 345

15,4 15,4 15,4 15,1 14,9 15,0 14,4 12,7 12,6 12,3 11,1 10,1 10,3 8,9

17,0 15,0 15,3 15,8 15,7 15,6 14,8 13,8 13,6 12,2 10,2 10,1 10,4 10,8

15,2 15,5 15,8 15,4 15,9 15,3 15,5 14,3 14,0 12,8 10,3 10,1 10,8 11,3

0,0 0,0 0,0 15,8 0,0 0,0 13,8 14,5 14,2 13,3 11,1 10,9 11,6 13,4

0,0 14,8 17,4 18,7 0,0 0,0 0,0 0,0 12,0 13,9 12,5 12,4 11,5 12,2

0,0 0,0 18,6 18,5 18,5 19,1 17,4 16,0 7,1 14,2 13,1 12,6 11,3 10,8

0,0 0,0 18,2 17,4 0,0 0,0 0,0 0,0 0,0 13,7 13,2 13,4 11,7 9,1

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 17,4 14,5 13,7 12,1 17,4 0,0

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 16,0 13,2 12,2 0,0 0,0

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 15,5 12,8 11,9 0,0 0,0

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 16,3 13,0 13,0 0,0 0,0

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 18,2 12,1 13,9 0,0 0,0

0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 18,0 16,1 14,1 0,0 0,0

1,50 - 2,00

4,50 - 5,00
4,00 - 4,50
3,50 - 4,00
3,00 - 3,50
2,50 - 3,00
2,00 - 2,50

Peak wave period (s) 

0,00 - 1,50 

7,00 - 7,50
6,50 - 7,00
6,00 - 6,50
5,50 - 6,00
5,00 - 5,50

Wave direction sector (degrees w .r.t. North)
Wave height

Hs (m)

 
Table 1.4 Wave climate table. Mean wave direction (deg) of the different wave conditions. 

105 135 150 165 180 195 225 240 255 270 285 300 315 330
135 150 165 180 195 225 240 255 270 285 300 315 330 345
131 146 160 174 188 206 232 248 264 279 293 307 320 334

125 143 158 173 188 206 233 248 265 279 293 306 321 333

126 143 160 174 187 207 237 249 265 280 294 306 321 333

0 0 0 176 0 0 234 251 265 280 294 306 322 334

0 140 153 173 0 0 0 0 266 280 294 306 322 334

0 0 158 170 187 217 239 255 267 280 294 306 320 333

0 0 161 174 0 0 0 0 0 282 295 306 320 332

0 0 0 0 0 0 0 0 270 282 294 305 318 0

0 0 0 0 0 0 0 0 0 280 294 305 0 0

0 0 0 0 0 0 0 0 0 278 295 304 0 0

0 0 0 0 0 0 0 0 0 278 295 304 0 0

0 0 0 0 0 0 0 0 0 282 288 304 0 0

0 0 0 0 0 0 0 0 0 283 293 307 0 0

5,00 - 5,50
5,50 - 6,00
6,00 - 6,50
6,50 - 7,00
7,00 - 7,50

2,00 - 2,50
2,50 - 3,00
3,00 - 3,50
3,50 - 4,00
4,00 - 4,50
4,50 - 5,00

0,00 - 1,50 
1,50 - 2,00

Mean wave direction (degrees) 

Wave direction sector (degrees w .r.t. North)
Wave height

Hs (m)
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Table 1.5 Wave climate table. Probability of occurance (%) of the different wave conditions 

105 135 150 165 180 195 225 240 255 270 285 300 315 330
135 150 165 180 195 225 240 255 270 285 300 315 330 345

0,0005 0,0025 0,0067 0,0182 0,0234 0,0216 0,0029 0,0050 0,0119 0,0286 0,0472 0,0351 0,0089 0,0004

0,0008 0,0023 0,0052 0,0094 0,0136 0,0123 0,0040 0,0071 0,0157 0,0419 0,1071 0,0578 0,0144 0,0013

0,0003 0,0009 0,0008 0,0014 0,0021 0,0017 0,0006 0,0027 0,0090 0,0354 0,0915 0,0616 0,0194 0,0009

0,0000 0,0000 0,0000 0,0005 0,0000 0,0000 0,0002 0,0003 0,0028 0,0164 0,0506 0,0310 0,0114 0,0017

0,0000 0,0001 0,0001 0,0007 0,0000 0,0000 0,0000 0,0000 0,0006 0,0058 0,0298 0,0180 0,0080 0,0006

0,0000 0,0000 0,0008 0,0009 0,0003 0,0001 0,0001 0,0001 0,0001 0,0063 0,0213 0,0126 0,0033 0,0004

0,0000 0,0000 0,0004 0,0001 0,0000 0,0000 0,0000 0,0000 0,0000 0,0010 0,0116 0,0073 0,0008 0,0003

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0001 0,0005 0,0065 0,0030 0,0001 0,0000

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0010 0,0027 0,0015 0,0000 0,0000

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0006 0,0010 0,0002 0,0000 0,0000

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0005 0,0004 0,0004 0,0000 0,0000

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0004 0,0001 0,0003 0,0000 0,0000

0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0003 0,0002 0,0003 0,0000 0,0000

0,00 0,01 0,01 0,03 0,04 0,04 0,01 0,02 0,04 0,14 0,37 0,23 0,07 0,01

6,50 - 7,00
7,00 - 7,50

3,50 - 4,00
4,00 - 4,50
4,50 - 5,00
5,00 - 5,50
5,50 - 6,00
6,00 - 6,50

0,00 - 1,50 

Probability of occurance (%)

1,00

Wave height

∑

∑
Wave direction sector (degrees w .r.t. North)

0,21
0,29
0,23
0,11
0,06
0,05
0,02
0,01
0,01
0,00

Hs (m)

1,50 - 2,00
2,00 - 2,50
2,50 - 3,00
3,00 - 3,50

0,00
0,00
0,00

 
 
1.3.3 Sediment sources 

Sediment sources 
The total amount of sediment supplied into the cell is almost fully attributable to a 
number of rivers that enter the SBLC: the Santa Maria River, San Antonio Creek, the 
Santa Ynez River, Santa Ynez Mountain streams, the Ventura River, the Santa Clara 
River and Calleguas Creek.  The Ventura and Santa Clara River, which mouths are 
only 7 km apart from each other, have the largest water discharge contribution (71% 
and 10%, respectively) into the watershed (Warrick et. al., 2004). The average annual 
river discharge of the Santa Clara River into the Santa Barbara Channel is 7.51 m3/sec 
(data from USGS gauging station 11114000, Santa Clara River at Montalvo). The 
average annual discharge of the Ventura River is 2.77 m3/sec (data from USGS  
gauging station 11118500). The river discharge is episodic and typically occurs during 
several days of high flow each year (Figure 1-8). During these flood events, high 
sediment loads arise due to the steep topography and the relatively sparse vegetative 
cover. Approximately 55% of all sediment transport that passed the gauging station 
11114000 between 1968 and 1975 was transported during high flows in just two days 
(Williams, 1979; Stillwater Sciences, 2007).  
 
Flood events can be distinguished by hyperpycnal and hypopycnal flows. Hyperpycnal 
flows are flows in which the river density is greater than the ocean density, whereas in 
hypopycnal flows the river density is less dense than the ocean density (Warrick et. al., 
2003; Stillwater Sciences, 2007). The high discharge events are dominated by 
hyperpycnal flows that deposit sediment to the offshore delta (Warrick et. al., 2003). For 
southern California rivers, a hyperpycnal threshold for suspended sediment 
concentration is approximately 40 g/l. The hyperpycnal events account for 75% of the 
cumulative sediment load discharged by the Santa Clara River between 1950 and 1999 
(Warrick et. al., 2003). The density and velocity associated with hyperpycnal flows 
cause the suspended sediment to pass through the estuary and near-shore zone, and 
be deposited on the offshore delta (Stillwater Sciences, 2007). 
The more frequently occurring hypopycnal events (suspended sediment concentration 
less than 40 g/l) accounts for nearshore delta formation. The nearshore delta deposits 
are subject to wave impact and longshore transport (Stillwater Sciences, 2007). 
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Figure  1-8 Daily river runoff for the Santa Clara River and the Ventura River in which the episodic character 

is evident Santa Clara River discharge information is obtained from USGS river gauging 
station 11114000 (Santa Clara River at Montalvo);Ventura River discharge information is 
obtained from USGS river gauging station 11118500. 

 
The relatively low historic rates of bluff retreat and the relative low percentage of sand 
in most of the bluff materials indicate that sediment supply due to bluff erosion plays a 
minor role for the SBLC. Patsch and Griggs (2007) estimated the fluvial sediment 
contribution into the entire watershed is estimated at 1,624,000 m3/yr, while only 9,000 
m3/yr is contributed by bluff erosion (Table 1.6). 
 
Sediment sinks 
The submarine canyon at Point Mugu are the largest permanent sinks within the Santa 
Barbara Cell. Sand accumulates at the heads of the canyon and is transported and 
deposited in deep offshore basins by underwater sand flows. While the littoral drift is 
almost completely trapped at the Mugu Submarine Canyon, they are considered as the 
downdrift boundary of the littoral cell (Patsch and Griggs, 2007). Another large sink is 
located near Point Conception. Due to the abrupt change in direction of the coastline, 
approximately 359,000 m3 of sand is lost each year due to submarine dunes (Patsch 
and Griggs, 2007). Another significant sink is the 76,000 m3 of aeolian transport into 
dune complexes north of Point Conception. 
 
Impact of dams on sediment discharge 
To meet the urban and agricultural water demands, a network of dams, reservoirs and 
aqueducts has been developed over the past sixty years. Together, these water 
management facilities are capable of storing 60% of California’s annual run-off and 
transporting it from the water-rich Northern part to water-poor Central and Southern part 
(California Department of Boating and Waterways and State Coastal Conservancy, 
2002, as cited in California Rivers Assessment, 1992). This interference in the fluvial 
system, especially the dams that have been built in the Ventura and Santa Clara River, 
has significantly decreased the supply of sediment into the coastal system. Dams trap 
sediment directly behind the dam in the upstream reservoir where all but the finest 
particles settle. In addition, dams restrict the volume and speed of water in the 
downstream part of the river. To prevent flooding and massive erosion, peak flow 
events (historically most important for sediment delivery in the coastal system) are first 
stored in the retention basin after which it is gradually released. 
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Without interference in the fluvial system, the total natural (i.e. potential) sediment input 
is estimated to be 2,795,977 m3/yr (Patsch and Griggs, 2007), whereas the present 
annual sediment discharge is 1,633,000 m3/yr, a reduction of 41.6 % or 1,162,977 m3/yr 
(Table 1.7).  
 
Table 1.6 Annual sediment contribution according to Patsch and Griggs (2007) 

 Santa Barbara Littoral Cell 

 Sediment contribution Annual input Q 
[m3/yr] 

Total [m3/yr] 

Santa Maria River1 198,000 
San Antonia Creek1 46,000 

Santa Ynez River1 260,000 

Santa Ynez Mountain Streams1 80,000 

Ventura River 78,000 

Santa Clara River 912,000 

Calleguas Creek 50,000 

S
ou

rc
e 

Bluff erosion 9,000 

1,633,000 

Point Conception Submarine dunes 359,000 

S
in

k 

Aeolian transport 76,000 
435,000 

1 From: California Department of Boating and Waterways and State Coastal Conservancy (2002) 
 
Table 1.7 Sediment balance for the Santa Barbara Littoral Cell 

Santa Barbara Littoral Cell 

Inputs Natural [m3/yr] Present [m3/yr] Reduction [m3/yr] 

2,785,273 1,624,000 1,128,309 Rivers 
99.6 % 99.5 % 41.7 % 

10,704 9,000 1,704 
Bluff Erosion 

0.4 % 0.5 % 15.9 % 

2,795,977 1,633,000 1,162,977 
Total Littoral Input 

100.0 % 100.0 % 41.6% 

 
 
1.3.4 Sediment characteristics 

There is a large variation in mean grain size at the beaches within the SBLC. The mean 
grain size ranges from 0.15mm to 0.42, with an average grain size of 0.26mm (Mustain, 
2007). At Santa Barbara, the mean grain size is 0.22mm (Dean et al., 1982) and 
increases to 0.28mm for the Carpinteria shoreline (Barnard et al.,2007). At channel 
Islands Harbor the mean grain size is decreased to 0.20mm (Bruno et al., 1981). Very 
fine-grained sand, ranging from 0.0625 to 0.125 mm in diameter (4Ø to 3Ø), typically 
does not remain on the beaches because of the prevailing wave climate. The smallest 
grain size that typically remains on the beaches within the SBLC, the littoral cutoff 
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diameter (LCD), is 0.125mm (Runyan and Griggs, 2003; Mustain, 2007; Barnard et al., 
2007). 
 
The sediment from the Ventura River and the Santa Clara River is characterised by 
stratified layers of coarse sand (grain size between 0.5 – 1.0 mm on the Wentworth 
scale, see Appendix D) with relatively small amounts of gravel, clay and silt. At the 
downstream end of the Santa Clara River, the river bed is, on average, composed of 
16% gravel, 64% (coarse) sand and 20% silt and clay, with a mean grain size (D50) of 
0.76 mm (ENTRIX, 2002, as cited in Stillwater Sciences, 2007). 
 
1.3.5 Littoral drift rates 

Sediment inputs to littoral cells from coastal streams and cliff erosion are difficult to 
quantify. In addition, the distribution of sediment within a cell is difficult to determine due 
to the seasonal variation in dominant wave approach and the sensitivity of waves to the 
nearshore bathymetry. A rough estimate of the littoral drift can be obtained by long-term 
annual dredging rates of harbor entrance channels. In the SBLC, there are four harbors 
for which long-term dredging rates are available (Appendix C, Table C.1.2). In table 1.8, 
the average annual dredging volumes at these harbors are given. According to patsch 
and Griggs (2007), the Santa Barbara and Ventura Harbor are most suitable for 
determining long-term annual littoral drift rates within the SBLC. Because of the 
configuration of these harbors, together with the almost unidirectional net littoral drift 
from west to east, reversal transport from the downdrift beaches to the entrance 
channel occurs less frequent and the dredging volumes are believed to represent both 
the net and gross longshore transport rates (Patsch and Griggs, 2007). The average 
dredging rates for the Santa Barbara Harbor and the Ventura Habor are 240,000 m3/yr 
and 456,000 m3/yr, respectively. The dredged material is bypassed to the downcoast 
beaches to prevent erosion.  
 
Table 1.8 Mean annual dredging volumes in the Santa Barbara Littoral Cell (Patsch and Griggs, 2007) 

Santa Barbara Littoral Cell 

Sediment input Annual dredging volumes [m3/yr] 

Santa Barbara Harbor 240,000 

Ventura Harbor 456,000 

Channel Islands Harbor 772,000 

Port Hueneme 20,000 
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2 Problem definition and objectives 

2.1 Problem analysis 

The majority of beaches within the Santa Barbara and Ventura County study area, with 
the exception of those in the Oxnard Plain, are narrow and ephemeral. The 
malnourished beaches continue to erode resulting in a reduction of the dry beach width, 
increase in damages by strom activity and decreased recreational beach benefits. 
Especially the beaches near the cities of Goleta (west end of Ellwood Beach, west end 
of Isla Vista Beach and Goleta Beach) and Carpinteria (Carpinteria States Beach) and 
the Ventura River mouth are facing coastal retreat due to short- and long-term erosion. 
The beaches in the Goleta region exhibit wide variability in width. Isla Vista exhibited a 
long-term erosion (narrowing) trend over the last 70 years: the beach volume has been 
decreased with 50% from 80,000 m2 to 40,000 m2 (Revell and Griggs, 2005). At 
Carpinteria state beach, the erosion rate is in the order of 0.5 m/yr (Hapke C.J. et al., 
2006). Also the beach immediately downcoast of the Ventura River mouth is subject to 
significant erosion. The construction of a groin field has resulted in an accretion rate of 
2.0 m/yr at Ventura Beach, whereas the beach that was present at the northern side of 
the groins however eroded rapidly with an erosion rate that exceeded -2.0 m/yr (Hapke 
C.J. et al., 2006). 
 
At present, most erosion problems within the region are thought to be related to human 
interferencees into the coastal system: damming and canalization of rivers, armouring 
of the coastline and disruption of the longshore sediment transport by the construction 
of breakwaters and jetties has reduced the sediment supply necessary to preserve the 
beaches. Nevertheless, stating that all erosion problems within the region are induced 
by the reduction of sediment input would be too straightforward. There might be parts of 
the coast that face coastal retreat due to the local wave climate rather than the lack of 
sediment supply. For long term coastal zone management purposes it is important to 
reveal the cause of the erosion, while wave induced erosion might need a totally 
different solution than erosion caused by a lack of sediment input. Up to now, the 
complicated morphodynamics are not yet completely understood. The United States 
Geological Survey (USGS) and the University of California, Santa Cruz (UCSC), are 
collaborating on a project to identify and quantify the pathways for near shore sediment 
transport for the coast within the Santa Barbara and Ventura Counties, California 
(Barnard, 2006). This project is supported by BEACON (Beach Erosion Authority for 
Clean Oceans and Nourishment), the City if Carpinteria and the USGS, and is 
conducted in collaboration with the United States Army Corps of Engineers (USACE). 
The aim of this study is to come up with a tool with which the understandings of the 
morphodynamics within the Santa Barbara Littoral Cell can be improved to predict the 
future coastal development and to assess potential performance of nourishment 
projects. 

2.2 Research objectives 

The main objective of this study is to identify and quantify the pathways of sediment 
transport within the Santa Barbara Littoral Cell, with emphasis on the sites where the 
shoreline erosion is critical. The key questions to be addressed questions are: (1) how 
does the morphological system in the Santa Barbara Littoral Cell actually work and (2) 
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what will the future coastline development be in the surroundings of the cities of Goleta, 
Carpinteria and Ventura? 
 
A numerical model is used to simulate the hydrodynamic and morphodynamic 
processes and to calculate the littoral drift rates. Subsequently, a regional sediment 
budget is proposed to provide insight into the net surplus or deficit of sediment over the 
modelling period. To answer these research questions, the main objective is divided 
into two sub-objectives: 
 

• Determine the hydrodynamic and morphologic interaction within the 
Santa Barbara Littoral Cell 

- What are the characteristics of the hydrodynamic forcing? 
- What are the characteristics of a reduced set of wave conditions that 

can replace the full set of wave conditions and still represent the correct 
longshore sediment transport? 

• Determine the long term morphologic behaviour within the Santa Barbara 
Littoral Cell. 

- What are the characteristics of the longshore sediment transport? 
- What is the effect of the longshore sediment transport on the beaches 

and what are the short- and long-term erosion and accretion trends? 
- Are the littoral drift rates limited by sediment supply or by wave forcing? 

 
 
2.3 Research approach and Outline 

A Delft3D Online Morphology model is used to meet the primary objective of this study. 
Chapter 3 elaborates on the construction of the model and the way in which the 
simulation is set up. Another objective of this study is to reduce the computational 
runtimes of the simulations by simplifying the hydrodynamic input conditions. The 
concept, as well as the implication of input reduction on the littoral drift rates within the 
Santa Barbara Channel, is described in chapter 4. To increase the models’ overall 
performance and to determine its sensitivity to some model parameters, a sensitivity 
analysis is performed that, together with a validation of the model, is described in 
chapter 5. Next chapter 6 elaborates on the pattern of the residual current and the 
littoral drift rates along the Santa Barbara Littoral Cell. Chapter 7 finally gives the 
conclusions drawn and recommendations for future work. 
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3 Model description 

3.1 Delft3D-Online (2DH) modelling approach 

The Delft3D package is a process-based numerical model system that consists of a 
number of integrated modules. Together, these modules allow for the computation of 
hydrodynamic flow, water quality, ecological processes, short wave generation and 
propagation, sediment transport and morphological changes. The Delft3D-FLOW 
module is the heart of the framework of modules (Fig. 3.1) and aims to simulate non-
steady tidal and/or meteorological-driven flows. By calling the other modules, additional 
processes (e.g. wave energy propagation and sediment transport) can be 
simultaneously (online) performed.  
 
Model simulations can be done in a one-dimensional (1D) mode in which averaging 
takes place in both vertical and horizontal direction, a two-dimensional horizontal or 
vertical (2DH and 2DV, respectively) mode or in a three-dimensional (3D) mode. The 
accuracy, as well as the computational effort, increases significantly with each 
dimension added.  
 
 
 
 

 
Figure  3-1 The Delft3D software package. The heart of the framework is the FLOW-module. 
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Delft3D-FLOW module 
The main components in the Delft3D-Online modelling approach are the Delft3D-FLOW 
module and the Delft3D-WAVE module (Figure 3-2). The Delft3D-FLOW module 
(version 3.39.28) is the central module in the Delft3D-Online approach. It solves the 
non-linear shallow water equations that are derived from the three dimensional Navier 
Stokes equations for incompressible free surface flow, in two (depth-averaged) or three 
dimensions.  The system of equations consists of the horizontal momentum equations, 
the continuity equation and the transport equations. While the water depth is assumed 
to be much smaller than the horizontal length scale, the shallow water assumption is 
valid. Under this assumption, the vertical momentum equation can be reduced to the 
hydrostatic pressure equation. The vertical accelerations are assumed to be small 
compared to the gravitational acceleration and are therefore not taken into account. A 
concise description of the basic flow equations is given in Appendix A. For a more 
detailed description reference is made to the Delft3D-FLOW User Manual (WL | Delft 
Hydraulics, 2006). 
 
Delft3D-WAVE module 
The effects of waves on flow (via forcing due to breaking, enhanced turbulence and bed 
shear stress) and the effects of flow on waves (via set-up, current refraction and 
enhanced bottom friction) are taken into account by online coupling of the Delft3D-
FLOW and Delft3D-WAVE module. The wave effects are integrated in the flow 
simulation by executing the third-generation SWAN (Holthuijsen et al., 1993; Booij et 
al., 1999) wave processor (version 40.51A). The SWAN model solves the action 
balance equation in two dimensions of spectral and geographical space and in time, 
with which the evolution of random, short-crested waves are calculated. It accounts for 
wave refraction, propagation, wave-wave interaction, wave generation by wind, 
dissipation due to whitecapping, bottom friction and depth-induced wave breaking. The 
results of the wave simulation (significant wave height, peak spectral period, wave 
direction, mass fluxes, etc.) are included in the flow calculations through additional 
driving terms. In simulations where during the FLOW simulation the water level, 
bathymetry or flow velocity field changes significantly, it is desirable to call the WAVE 
module more than once (van Rijn and Walstra, 2003).  The wave field can thereby be 
updated accounting for the changing water depths and flow velocities. 
 
The SWAN model can be performed in either the stationary or the non-stationary mode. 
Under the stationary assumption, the time component in the action balance equation is 
not taken into account, implying instantaneous wave propagation throughout the 
domain. No time steps are involved to compute the wave propagation, although some 
iterating is needed. By online coupling of the Delft3D-WAVE and FLOW module a so-
called quasi-stationary calculation is performed, since the flow computations progress in 
time (i.e. non-stationary). 
 
In appendix A, a brief description of the basic formulae used in SWAN is given. For a 
more detailed description reference is made to the Delft3D-WAVE User Manual (WL | 
Delft Hydraulics, 2006).  
 
Sediment transport 
 To account for the transport of non-cohesive sediment during flow simulations, the 
(default) transport formulations of Van Rijn (2000) are applied. In all these formulations, 
Van Rijn makes a distinction between bed load and suspended load, which both have a 
wave-related and a current-related contribution. Suspended load transport is calculated 
by solving the advection-diffusion equation for suspended sediment. Bed load transport 
refers to near-bed sediment transport occurring below van Rijn’s reference height, 
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which is based on the bed roughness. Bed load transport responds almost 
instantaneously to changing flow conditions and orbital velocities within the wave-cycle. 
An overview of the transport formulations of Van Rijn (2000) is presented by Lesser et 
al. (2004) and summarized in Appendix A. 
 
 

 
Figure  3-2 Modelling scheme of the Delft3D-Online Modelling approach. The Delft3D-FLOW module and 

the Delft3D-Wave module are coupled to account for both the effects of waves on currents 
and the effect of flow on waves. 

 
3.2 Computational grids 

Two different horizontal computational grids are distinguished: a low resolution 
orthogonal grid and a high resolution curvi-linear grid. The first is used within the 
Delft3D-WAVE module while the latter is used in both the Delft3D-WAVE and the 
Delft3D-FLOW module (Figure 3.4). The low resolution wave grid has a spatial scale of 
90 x 180 km to cover all physical obstacles within the area that might influence the 
propagation of wave energy into the Santa Barbara Channel (Figure 3-3). While Point 
Conception and the Northern Channel Island will refract, defract and dissipate the 
incoming wave energy, these obstacles are incorporated within low resolution wave 
grid. The cross-shore resolution (i.e. N-direction) varies from approximately 550 m 
(nearshore) to 1100 m (seaward model boundary). In the region of the Northern 
Channel Islands, the cross-shore resolution is refined to approximately 550 m to enable 
correct wave energy propagation between the islands. The longshore resolution (i.e. M-
direction) is about 1100 m throughout the entire grid domain. In total, the low resolution 
wave grid has 22800 grid points (151 grid lines in both M and N direction). 
 
The high resolution curvi-linear flow grid is smaller than the large wave grid and covers 
the morphologic active zone. The western boundary is located 10 km east of Point 
Conception while the eastern boundary is located near Channel Islands Beach, Oxnard. 
The seaward boundary stretches about 12 km offshore to ensure that the entire 
morphologic active zone is captured by the flow grid. The longshore grid resolution 
increases from 1100 m at the western boundary to 500 m at the eastern side of the grid 
domain. At the seaward boundary, the cross-shore resolution is approximately 550 m 
(i.e. ~ the resolution of the coarse wave grid), whereas in the nearshore area it is 
increased to 20 m. In M-direction (i.e. longshore direction) the grid consists out of 260 
grid lines and 119 grid lines in N-direction (i.e. cross-shore direction). In total, the high 
resolution flow grid consists out of 28600 grid cells. 
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Figure  3-3 Computational grids: wave grid (upper panel) and flow grid (lower panel). The flow grid is also 

used as a nested wave grid to ensure a high grid resolution in the surf zone. 
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3.3 Bathymetric schematisation 

The model bathymetry is based on interpolation of depth samples that originate from 
multiple sources, each of different resolution. For the regions that experience significant 
erosion, near the cities of Goleta, Carpinteria and Ventura, the depth sample resolution 
is highest.  For the 12 km stretch of coastline of the southwest facing Carpinteria 
Beach, bathymetric data was collected by the Coastal Profiling System (CPS), a 
hydrographic surveying system mounted on a Personal Watercraft (Barnard, 2007). The 
survey setup for this section contains of 36 cross-shore profiles running from 
approximately 1 km offshore through the surf zone and six alongshore profile parallel to 
the coastline. This bathymetric survey technique has been shown to achieve sub-
decimetre accuracy (MacMahan, 2001, as cited in Barnard, 2007). The remaining part 
of the coastline in front of Carpinteria, up to almost 8 kilometres offshore, has a sample 
resolution of 20 m with a sub-decimetre accuracy (from USGS Submetrics, August 
2005). In the Goleta Region, a similar CPS survey has been carried out immediately 
offshore of Isla Vista and West Beach, consisting of 41 cross-shore and 3 longshore 
profiles. In between the Ventura and Santa Clara River mouth, the CPS contains of 35 
cross-shore profiles and 5 and 7 longshore profiles in front of the Ventura and Santa 
Clara River mouth, respectively. The remaining part of the nearhore bathymetry is 
based on 100 m resolution samples obtained from the SCOOS website 
(http://www.sccoos.ucsd.edu/data/bathy/?r=2). The bathymetry that covers the low 
resolution wave grid is based on depth soundings (200 m resolution) from NOAA 
(National Oceanic and Atmospheric Administration).  The offshore and nearshore model 
bathymetry are illustrated in Appendix F, Fig. F.3.1 and F.3.2, respectively. 

3.4 Parameter settings 

The processes in the FLOW and WAVE modules are described by input parameters. 
Some of these parameters are widely used in process based models, while others are 
specific for this study. A complete overview of all model settings used in this study is 
given in Appendix C, Table C.3.1.   
 
3.4.1 Parameter settings Delf3D-FLOW 

Hydrodynamic time step 
The time step (∆t) for the flow computations is 30 seconds, based on the Courant 
number for wave propagation: 
 

2 2

1 12 1waveCFL t gH
x y

⎛ ⎞
= ∆ + <⎜ ⎟∆ ∆⎝ ⎠

      (3.1)  

 
where ∆t is the time step, g is the acceleration of gravity, H is the total water depth and 
∆x and ∆y are the smallest grid spaces. In models that have large differences in the 
geometry of the coastline, the Courant number should not exceed 10 (WL| Delft 
Hydraulics, 2006). In the nearshore area of the curvi-linear flow grid, the cross-shore 
resolution (∆x) is ~20 m and the long-shore resolution (∆y) is ~500 m. Flow simulations 
with different time steps (i.e. 6, 12, 30 and 60 seconds) have shown that for  time steps 
up to ∆t =30sec the  velocity fields are identical. 
 
 

http://www.sccoos.ucsd.edu/data/bathy/?r=2
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Boundaries 
Three open boundaries are applied at the flow grid: two lateral boundaries at the 
eastern and western side and one at the seaward side of the flow grid (Figure 3-4). The 
lateral boundaries are specified as Neumann boundaries (Roelvink and Walstra, 2004). 
Neumann boundaries specify an alongshore water level gradient imposed instead of a 
fixed water level. The seaward boundary (Figure 3-4, section A-B) is forced with a time 
varying tidal water level.  
 

 
Figure  3-4 Open boundary conditions. At the seaward boundary (A-B), the water level is prescribed. At the 

lateral boundaries (A-A’ and B-B’) the water level gradient as a function of time is imposed 
(so-called Neumann boundaries). 

 
3.4.2 Parameter settings Delft3D-WAVE 

Directional space 
The energy spectrum in SWAN is discretised with a constant directional resolution (∆θ). 
The directional space can be limited to reduce the computation time. The complicated 
geometry of the coastline and the presence of numerous breakwaters and jetties does 
not allow for a reduction of the directional space. The directional space covers the full 
circle (360°) and is divided into 72 directions with a constant directional resolution (∆θ) 
of 5°. 
 
Frequency space 
In the frequency domain, the lowest frequency must be slightly smaller than 0.6 times 
the lowest peak frequency expected, whereas the highest frequency must be at least 
2.5 times the highest peak frequency expected (WL | Delft Hydraulics, 2006). While the 
wave climate in the SBLC solely consists of relatively low frequency swell (ƒ≈ 0.05 – 
0.09 Hz), the lowest frequency is set to 0.02 Hz and the highest frequency is set to 0.5 
Hz. The frequency resolution between these boundaries is not constant since the 
frequencies are logarithmically distributed. In total, 24 frequency bins are used to 
describe the frequency space. 
 
Boundary conditions 
The deep ocean wave climate is specified on the west, south and east side of the low 
resolution wave grid. While the deep ocean wave spectrum is assumed to be spatially 
homogeneous along the boundaries, uniform boundaries are used. For the shape of the 
frequency and the directional space, the default JONSWAP wave density spectrum is 
used with a peak enhancement factor 3.3 (default). 
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Breaker parameter 
The breaker parameter (γ) is a dimensionless parameter in which the relation between 
the maximum wave height (Hmax) and the water depth (d) is incorporated. For a random 
wave field, Holthuijsen (2007) assumes that the breaker parameter is about 0.75. 
Empirical relations found by Battjes and Stive (1985) assume breaker parameters 
varying between 0.6 and 0.83, with an average of 0.73 for bathymetries with strong 
variations in bed level. Because the bathymetry within the Santa Barbara Channel 
varies from steep at the western side en relatively shallow at the eastern side of the 
model domain, the default value of 0.73 is used in this study. 
 
Bottom friction 
Dissipation of wave energy as a result of bottom friction is also accounted for in the 
SWAN module. The source term can be generally represented as: 
 

( ) ( )
2

,( , ) ,
sinh

bfr
bfr rms bottom

C
S E u

g kd
σσ θ σ θ

⎡ ⎤
= − ⎢ ⎥

⎣ ⎦
    (3.3) 

      
in which  bfrC is a bottom friction coefficient and ,rms bottomu is the root mean square orbital 

bottom velocity (Holthuijsen, 2007). In this study, the empirical JONSWAP formulation 
of Hasselman et al. (1973) is used to describe the bottom friction coefficient: 
 
 

,

0.038
bfr JONSWAP

rms bottom

C C
u

= =  (swell conditions)    (3.4)  

,

0.067
bfr JONSWAP

rms bottom

C C
u

= =  (wind-sea conditions)    (3.5)  

 
While the Santa Barbara Numerical Model is forced with relatively low frequency swell 
(ƒ≈ 0.05 – 0.09 Hz), the bottom friction coefficient ( bfrC ) as expressed in Eq. (3.4) is 

used. 
 
Output parameters 
The computations within the SWAN module are performed in the stationary mode. 
While the water level and flow velocity field change significantly during the FLOW 
simulation, the WAVE module is called more than once (van Rijn and Walstra, 2003). 
The coupling interval is 150 minutes, so 11 alternating calls are made between the 
FLOW and WAVE module during each tidal cycle of 1500 minutes. 
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4 Schematisation of boundary conditions 

4.1 The concept of input reduction 

One of the major problems in long-term morphological simulations is the difference in 
timescale between hydrodynamic and morphological processes. Most relevant 
morphological developments take place on a time-scale in the order of several or even 
tens of years, while hydrodynamic processes like waves and tides take place on a short 
time-scale ranging from seconds (waves) to hours (tides). To simulate both the hydro- 
and morphodynamics properly, a considerable amount of simulation time steps is 
required. The computer run-time will become large as well due to the linear relationship 
with the amount of time steps.  In addition, the ever-increasing spatial scale of 
numerical models (i.e. the amount of grid cells involved) heavily appeals to the 
computer run-time. Generally, two approaches can be adopted to limit the 
computational effort (Steijn, 1992): simplification of the hydrodynamic input conditions 
and simplification of the physical processes. The first one is referred to as input filtering 
whereas the latter is referred to as process filtering. In this study, input filtering 
techniques are used to simplify the relevant hydrodynamic input conditions (tide and 
wave climate). 

4.2 Schematisation of the wave climate 

4.2.1 Introduction 
 
A way of reducing the run time for the simulation is to force the model with just these 
waves that contribute most to the longshore sediment transport. To determine the 
reduced a set of waves conditions, rough wave data first has to be classified in a wave 
climate table. All primary wave properties, like significant wave height (Hs), peak period 
(Tp), direction and probability of occurrence (P), are categorised into wave height and 
direction classes. Next, a reliable and preferably fast series of sediment transport 
computations with all wave conditions has to be performed. According to Steijn (1992), 
the simulation time of these simulations should preferably be equal to or a multiple of 
the tidal cycle period. Together, all these computations represent the average annual 
sediment transport induced by the entire wave climate. This average annual sediment 
transport is referred to as the target sediment transport, and forms the basis of the 
schematisation procedure. 
 
The tool that takes care of the schematisation procedure is the Opti-routine, which is 
solely based on statistical assumptions (WL|Delft Hydraulics, 2007). The 
schematisation relies on the relative contribution of each wave condition to the target 
sediment transport. The schematisation is not based on the sediment transport within 
the entire area, but only on the sediment transport through a number of predefined 
transects. The routine starts with the target sediment transport. First, with all conditions 
still participating, the contribution of condition i to the target is computed. In an iterative 
process, the wave condition (i.e. a sediment transport calculation) that contributes least 
to the target will be eliminated by setting its weight to zero. To what extend the 
remaining wave conditions resemble the target is based on the relative root mean 
square error (rmsRel). This term is defined as the relative root mean square error 
between the remainder and the target, divided by the root mean square of the target 
itself: 



October 2008  Sediment Budget Analysis of the Santa Barbara Littoral Cell
  
 

24 Deltares
 

 

( )

( )

2

,
1

2

1

D

id j j
j

id D

j
j

wad target
rmsRel

target

=

=

−
=
∑

∑
         (4.1) 

 
In which: 
 
D     total number of data points 
id     iterations step 

jtarget   target sediment transport at data point j  

,id jwad   weighted average of the sediment transport at data point j , using the 

weights of iteration step id  
 
After the relative root mean square error has been defined, an iterative process 
randomly changes the weight factors of the remaining set of wave conditions. For each 
randomly determined new set of weight conditions, the relative root mean square error 
(rmsRel) is again calculated to determine the resemblance with the target. After all 
iterations, it is determined with which set of weights the target is resembled best by 
finding for which iteration the rmsRel is lowest. Next, the new set of weight conditions is 
used in the next elimination round (id+1). This process continues until only one 
condition is left. In Appendix B, a conceptual description of the iterative processes 
within the Opti-routine is given in a diagram. 
 

4.2.2 Validation of the SWAN-model 
 
Prior to applying a wave schematisation for the Santa Barbara Channel, the 
performance of the SWAN-simulation is validated with inner-channel wave data. The 
SWAN parameter settings as described in the previous chapter are used. The wave 
grid is forced with hourly wave and wind conditions during a 12 hour storm, as 
registered by  buoy 46063, located at the western entrance of the Santa Barbara 
Channel (see Figure 1-7). The simulated storm period ranges from December 8th 2007 
06:00 to 17:00 hour (Figure 4-1). The storm period is randomly chosen, but depended 
on the availability of inner-channel buoy data. The inner-channel buoys used for 
validation are station 46216 (Goleta Point, location 34°20'1' N 119°38'13'' W,  water 
depth 183 m) and station 46217 (Anacapa Passage, location 34°10'2' N 119°26'5'' W,  
water depth 110 m ). Station 46216 is located in the area of the high resolution flow 
grid, whereas station 46217 is, like station 46063, located on the low resolution wave 
grid. Wave and wind data is taken from the NDBC web site (http://www.ndbc.noaa.gov ) 
and summarized in Table 4.1. The validation is based on the significant wave height 
(Hs), the peak period (Tp) and the wave direction (Dir). 
 
 
 
  
 
 
 

http://www.ndbc.noaa.gov
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Table 4.1 Primary conditions for station 46063, 46216 and 46217 during a 12 hour storm period at 
Dec. 8th 2007 

Hs Tp Dir Ws WDir Hs Tp Dir Hs Tp Dir
[m] [s] [°] [m/s] [°] [m] [s] [°] [m] [s] [°]

2007 12 08 06 : 00 5.91 12.12 286 10.5 310 2.99 11.76 257 3.06 12.50 275
2007 12 08 07 : 00 5.89 12.12 297 12.1 309 2.89 12.50 256 3.16 11.76 270
2007 12 08 08 : 00 6.18 12.08 290 11.7 309 3.39 12.50 257 3.04 12.50 266
2007 12 08 09 : 00 6.43 12.18 293 11.8 319 3.28 12.50 256 2.97 12.50 266
2007 12 08 10 : 00 5.70 12.12 295 11.5 327 3.34 11.76 264 3.00 11.11 273
2007 12 08 11 : 00 5.38 12.90 300 10.2 325 3.02 11.76 263 2.77 12.50 270
2007 12 08 12 : 00 5.30 11.43 298 10.0 322 2.72 12.50 266 2.55 12.50 273
2007 12 08 13 : 00 5.42 12.12 303 10.9 315 2.76 12.50 260 2.69 13.33 272
2007 12 08 14 : 00 5.28 12.12 306 10.4 308 2.70 10.53 263 2.73 12.50 277
2007 12 08 15 : 00 5.30 12.90 303 10.8 319 2.37 11.76 271 2.64 12.50 275
2007 12 08 16 : 00 5.37 12.12 305 11.0 312 2.38 11.76 260 2.59 13.33 276
2007 12 08 17 : 00 5.19 12.12 301 11.0 312 2.09 11.11 262 2.40 10.53 275

46063 46216 46217

Timeseries

 
 
 

 
Figure  4-1 Time series of the significant wave height during a 12 hour storm period (red) at December 8th 

2007 as registered by station 46063 

 
 
In Figure 4-2, the differences between the measured (red) and simulated (blue) values 
of the wave height, peak period and direction is illustrated. The red dotted lines 
represent an error of 5% with respect to the measurements. While 46063 is located 
close to the model boundary, differences between the simulated and measured are 
limited. The peak period and the wave direction are in good agreement with the 
measurements, although the significant wave height is overestimated with about 2%. At 
station 46216, the differences between the simulation and the measurements have 
become larger. The error between the simulated and measured wave height 
occasionally exceeds 5%. The simulated wave direction follows the same increasing 
trend as the measured wave direction, although small variations are smoothed in the 
simulation and the simulated direction is on average slightly overestimated. At station 
46217 the deviations in significant wave height and wave direction are largest, possibly 
caused by the relatively low resolution of the wave grid and the large distance between 
station 46217 and the western model boundary at which the storm conditions are 
applied. The wave direction is overestimated in the order of 15 degrees.  
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Figure  4-2 Validation of the SWAN-model, based on the significant wave height, wave period and wave 

direction. Station 46063 is located close to the western model boundary, station 46216 is 
located in the Santa Barbara Channel (near Goleta) and station 46217 is located near 
Anacapa Passage.   
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4.2.3 Application of a wave schematisation in the Santa Barbara Channel 
 
The deep ocean wave climate for the SBLC is derived from wave buoy’s 46063 and 
46069. The wave conditions (Hs, Tp and direction) are categorised in wave height and 
direction classes, with class sizes of 0.5 m and 15 degrees, respectively2 (Table 4.2). 
Direction classes range from East to Northwest (105°N - 345°N); wave height classes 
range from 0- 7.5 m. Averaging all wave conditions within a certain class results in 99 
wave conditions. The probability of occurrence of these wave conditions reflects the 
relative contribution to the total annual sediment transport. The wave conditions are 
assumed to be spatially homogeneous along the boundaries of the large wave grid, and 
waves generated by local winds are ignored. Therefore, these wave conditions concern 
relatively low frequency swell (ƒ≈ 0.05 – 0.09 Hz) that originate from distant Northern 
Pacific storms. 
 
Table 4.2 Wave climate table: the values in this table represent the significant wave height of the different 

wave conditions (m). A blank value indicates that no wave condition is found in this group. 

Mean wave heights (m) per direction 

Wave direction sector (° N) 
Wave height 

105 135 150 165 180 195 225 240 255 270 285 300 315 330
Hs (m) 135 150 165 180 195 225 240 255 270 285 300 315 330 345

0,00 - 1,50 1,30 1,29 1,29 1,29 1,28 1,24 1,26 1,20 1,27 1,28 1,30 1,30 1,32 1,35

1,50 - 2,00 1,65 1,77 1,69 1,67 1,67 1,69 1,70 1,70 1,74 1,74 1,77 1,77 1,79 1,76

2,00 - 2,50 2,07 2,15 2,21 2,21 2,16 2,21 2,24 2,24 2,23 2,23 2,25 2,24 2,23 2,25

2,50 - 3,00 0,00 0,00 0,00 2,65 0,00 0,00 2,71 2,62 2,72 2,72 2,74 2,71 2,73 2,77

3,00 - 3,50 0,00 3,02 3,42 3,36 0,00 0,00 0,00 0,00 3,22 3,25 3,24 3,23 3,25 3,27

3,50 - 4,00 0,00 0,00 3,76 3,75 3,95 3,67 3,69 3,75 3,69 3,72 3,74 3,69 3,71 3,67

4,00 - 4,50 0,00 0,00 4,11 4,19 0,00 0,00 0,00 0,00 0,00 4,21 4,23 4,22 4,24 4,29

4,50 - 5,00 0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 4,69 4,72 4,71 4,73 4,74 0,00

5,00 - 5,50 0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 5,21 5,29 5,28 0,00 0,00

5,50 - 6,00 0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 5,71 5,74 5,81 0,00 0,00

6,00 - 6,50 0,00 0,00 0,00 0,00 0,0 0,00 0,00 0,00 0,00 6,19 6,19 6,18 0,00 0,00

6,50 - 7,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,61 6,61 6,78 0,00 0,00

7,00 - 7,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,18 7,27 7,08 0,00 0,00
 
 
For every wave condition a simulation is performed in which the sediment transport 
during one tidal cycle (1490 min) is calculated. The same model settings as discussed 
in chapter 3 are used. The availability of sediment is assumed to be unlimited during the 
entire simulation period. The sediment transport resulting from each simulation is 
multiplied with the probability of occurrence (P) of the accompanying wave condition to 
obtain the relative contribution of each wave condition to the total (target) sediment 
transport.  
 

                                                  
2 While little wave conditions occurred in the wave height classes 0.00-0,50m and 0.50-1.00m, these wave 

conditions are combined with the wave conditions in class 1.00-1.50m, resulting in a wave height class of 
0.00-1.50m. Also the first two directional bins (105°-120° and 120°-135° )  are combined. In this way, the 
number of wave conditions (i.e. simulations) is reduced. 
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The selection of a ‘morphological representative wave climate’ is based on (1) the root 
mean square error (rmsRel) between the reduced and the target transport, (2) the ratio 
between the amount of western and southern swells and (3) the amount of wave 
conditions left. 27 transects, which are more or less evenly spread over the domain, are 
defined to calculate the annual net sediment transport (m3/year). All offshore points of 
the transects are located at the sea-boundary of the flow grid to incorporate the entire 
morphological active zone (Figure 4-3). The transects are orientated perpendicular to 
the shoreline to incorporate the longshore and to exclude the cross-shore sediment 
transport. In this way, ten wave conditions are selected that resemble the target 
sediment transport with a root mean square error (rmsRel) of 5.62%. Together, the new 
weight factors have a probability of occurrence of 61.97% or 226 days a year. In Table 
4.3, the primary wave conditions of the reduced wave climate are tabulated. Each wave 
condition has its own relative contribution to the total sediment transport (Figure 4-4; 
Appendix F, Fig. F.4.1A-J). In these figures, West-East directed sediment transport is 
indicated as positive, whereas East-West directed sediment transport is indicated as 
negative. The sediment transport rates as illustrated in these figures are neither 
calibrated nor validated.  
 
Six of waves within the morphological representative wave climate (i.e. 24, 35, 69, 88, 
89 and 99) come from the West-Northwest. They can be classified as typical swell 
waves as they originate from distant Pacific storms, with peak periods in the order of 15 
seconds. These waves penetrate into the western entrance of the channel, driving a 
unidirectional littoral drift from West to East. Their impact on the sediment transport is 
largest at the eastern part of the model domain (i.e. transect 20–27). Four wave 
conditions (i.e. 19, 32, 62 and 63) originate from the south/south-east. Their wave 
periods are relatively larger (~15.5 – 18.5 sec) than periods originating from west/north-
western swells (~12.5 – 15.5 sec). Together, these southeastern wave conditions occur 
7.5% or 17 days a year. Despite the fact that most of their wave energy is blocked by 
the Northern Channel Islands, at the southeastern entrance of the channel wave energy 
can easily penetrate. As a result, these waves contribute a lot to the sediment transport 
through transects 15-27 whereas they contribute little to the transport trough transects 
1-14. The influence of both western and southeastern swells on the sediment transport 
in the eastern part of the model domain results in relatively large gross transport rates, 
whereas the sediment transport in the remaining part of the domain (transects 1-14) is 
primarily unidirectional. 
 
 

 
Figure  4-3 Overview of the 27 predefined transects. 
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Table 4.3 Morphological representative wave climate. 

Weight factor 
Condition Hs [m] Tp [s] Dir [°N] 

original new 

19 1.67 15.71 188 0.0136 0.0080 

24 1.74 12.24 279 0.0419 0.4637 

32 2.21 15.39 174 0.0014 0.0391 

35 2.24 15.47 237 0.0006 0.0014 

62 3.75 18.53 170 0.0009 0.0002 

63 3.95 18.50 187 0.0003 0.0002 

69 3.74 13.12 294 0.0213 0.0911 

88 5.71 15.53 278 0.0006 0.0053 

89 5.74 12.78 295 0.0001 0.0080 

99 7.08 14.13 307 0.0003 0.0027 
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Figure  4-4 Upper panel: comparison of the non-validated littoral drift rates for the entire (green) and the 

reduced (yellow) wave climate. The relative root mean square error is 5.62%. Other panels: 
Individual sediment transport contribution for each wave condition within the schematised 
wave climate. 
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4.2.4 Remarks 
 
The schematisation of the wave climate is based on the average yearly wave climate. 
Seasonal variations in wave climate, however, do exist. It is possible to schematise 
both the summer and winter wave climates separately, but this will result in an increase 
of the number of model computations. While rough wave conditions contribute relatively 
more to the total sediment transport than calm conditions, a schematisation of the wave 
climate based on the average yearly wave climate will lead to a slight underestimation 
of the total sediment transport (Steijn, 1989). 
 
Another remark is made with respect to the procedure with which the wave climate is 
schematised. The schematisation is based on the sediment transport through 27 
predefined transects. As a result of this so called point-oriented procedure, the reduced 
set of wave conditions will represent only the sediment capacities at a few predefined 
points. This does not ensure a correct representation of the sediment transports in the 
whole area. 
 

4.3 Schematisation of tidal currents 

4.3.1 Introduction 
 
Tides are harmonic phenomena that have an important impact on both the 
hydrodynamics and the morphodynamics in a coastal area. For long-term 
morphological studies, it is therefore important to incorporate the effects of the tide in a 
proper way. Using real timeseries of the tide as an input for the model will lead to 
unnecessary high computational efforts (Latteux, 1995). To overcome this problem, the 
timeseries can be converted to a representative HW-LW tidal cycle. By harmonic 
analysis, the timeseries can be demodulated into a number of harmonic constituents 
that have their own unique amplitude, period and relative frequency. By reduction of the 
total set into a small set of tidal constituents, a simplified but representative HW-LW 
tidal cycle can be created with which the computational effort can be reduced 
significantly. 

4.3.2 Application of a morphological tide in the Santa Barbara Channel 
 
The schematisation of the tide is based on a schematisation of the neap-spring tidal 
cycle. Usually, the neap-spring tidal cycle is represented by a mean tidal cycle. For 
morphological studies, however, this approach is not correct (Van Rijn, 1985, as cited in 
Steijn, 1989). The sediment transport (S) is proportional to the flow velocity (u) to a 
power (b): 
 

bS u=            (4.1) 
 
The maximum flow velocity during a tidal cycle is higher for larger tidal amplitudes. This 
implies that the contribution of the spring tide to the average sediment transport is 
relatively larger than the contribution of the neap tide. If a schematisation of the tide is 
based on a representation of the average sediment transport during a full neap-spring 
tidal cycle, a slight above-mean tide has to be chosen. This tide is referred to as the 
morphological tide (Steijn, 1989). It can be determined by increasing the velocities of 
the mean tidal cycle by multiplying its amplitude with a correction factor (τ). In general, 
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the value of the correction factor (τ) is approximately 1.1, with a standard deviation of 
about 0.1.  
 
The tidal data as presented in section 1.4.2 is indicated as the ‘astronomical tide’ and is 
compiled of a set of 11 constituents. Schematisation of the astronomical tide into a 
morphological tide with less constituents should not lead to significant differences in 
sediment transport. Furthermore, the flow patterns of both tidal representations should 
be similar. The morphological tide used in this study is compiled out of three 
constituents that have the largest contribution to the tidal water level variations (Table 
4.4). Only one of these, the M2 constituent, accounts for the semi-diurnal distortion of 
the morphological tide, while the K1 and O1 constituents care for the diurnal character. 
For simplification, the angular frequencies of these constituents have been slightly 
adjusted to have a tidal period of the M2-constituent of 745 min and a tidal period of 
1490 min for both the K1 and O1-constituent (Table 4.5). In this way, the K1 and O1-
constituent have a period that is exactly twice the period of the M2-constituent, resulting 
in a morphological tide has a pure semi-diurnal character. The correction factor (τ) that 
has been applied has a value of 1.08. No sensitivity analysis has been carried out for 
this parameter while the relative contribution of the tide to the sediment transport is very 
low in comparison with the contribution of the waves. 
 
 
Table 4.4 Three tidal constituents that contribute most to the tidal water level variations. 

Constituent Description Amplitude 
[m] 

Angular frequency 
[deg/hr] 

M2 Principal lunar semi-diurnal const. 0.4781 28.984104 

K1 Lunisolar diurnal const. 0.3430 15.041052 

O1 Lunar diurnal const. 0.2226 13.943052 
 
 
Table 4.5 Morphological tidal constituents with their adjusted amplitude and angular frequency. The 

angular frequency is adjusted to have a  M2-period of exactly 745 min and periods of 1490 
min for the K1 and O1 component. The amplitudes are multiplied by 1.08. 

Constituent Description Amplitude 
[m] 

Angular frequency 
[deg/hr] 

M2 Principal lunar semi-diurnal const. 0.5163 28.993289 

K1 Lunisolar diurnal const. 0.3704 14.496644 

O1 Lunar diurnal const. 0.2404 14.496644 
 
 
For both the morphological and the astronomical tide, a simulation is carried out with a 
simulation period of 14900 minutes (10 tidal cycles). In Figure 4-5, the simulation 
timeseries for both simulations are illustrated. The water level variation that results from 
multi-diurnal constituents, accounting for e.g. spring-neap cycles, is clearly observable 
for the time series of the astronomical tide. The morphological tide only has a diurnal 
and a semi-diurnal water level variation. 
 



Sediment Budget Analysis of the Santa Barbara Littoral Cell  October 2008
  

 

Deltares 33
 

 
Figure  4-5 Timeseries of the morphological tide (red) and the astronomical tide (blue).  

 
The flow pattern for the morphological tide has a strong correlation with the flow pattern 
of the astronomical tide. During flood, the tidal current flows through the eastern 
entrance into the Santa Barbara Channel and flows out of the channel in the west. 
During ebb, the tidal current is directed opposite. The pattern of the residual current of 
the morphological tide is similar to the astronomical tide. Current magnitudes of the 
morphological tide are however underestimated with approximately 50 % (Figure 4-6). 
Consequently, the sediment transport is also significantly underestimated when using a 
morphological tide (Figure 4-7). 
 

 
Figure  4-6 Residual current pattern for the astronomical tide (upper panel) and the morphological tide (lower 

panel). 
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Figure  4-7 Residual sediment transport pattern for the astronomical tide (upper panel) and the 

morphological tide (lower panel). 

 
Although the tidal sediment transport is significantly being underestimated, the use of a 
morphological tide for this study is justified because of the low transport capacity of the 
tide relative to the waves. The tidal sediment transport capacity is in the order of 1.0 e-16 
m3/sec, whereas the sediment transport capacity of the waves is in the order of 0.01 
m3/sec. The minor effect of the tide to the sediment transport is illustrated in Figure 4-8. 
Two simulations are carried out during 10 tidal cycles, one with a morphological and 
one with an astronomical tide, in which the morphological representative wave climate 
as described in the previous section is included. The figure illustrates the net annual 
sediment transport through 27 transects (see Figure 4-3).  
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Figure  4-8 Annual net sediment transport for a morphological (red) and an astronomical tide (blue). 
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5 Sensitivity analysis 

5.1 Introduction 

A sensitivity analysis, based on the littoral drift through 28 transects, is performed to 
determine the models’ overall performance and its response to different model settings 
(Figure 5-1). The annual dredging rates of the entrance channels of the Santa Barbara 
Harbor and the Ventura Harbor (section 1.4.5) are used to validate the model. The 
dredging rates are compared with the sediment transport through transect 12 and 24, 
located just upcoast of the entrance channels. While the littoral drift is almost 
unidirectional (from West to East), the sediment transports through these transects are 
a good proxy for the dredging rates. All simulations are forced with the morphological 
tide and the morphological representative wave climate as discussed in the previous 
chapter.  
 
 

 
Figure  5-1 Transects through which the littoral drift rates are determined. Transect 12 and 14 represent the 

dredging volumes at the Santa Barbara and the Ventura Harbor, respectively. 

 
The sensitivity of the model to parameter settings is determined for the grain size (D50), 
the current-related suspended and bed load parameter (sus/bed) and the wave-related 
suspended an bed load parameter (susw/bedw). The large variation in mean grain size 
along the beaches within the SBLC, necessitates a sensitivity analysis on the grain size 
(D50). It is an important parameter involved in the degree of sediment transport, while 
the particles resisting force on water motion is related to particle weight and friction 
coefficient. The current-related and the wave-related suspended and bed load 
parameters are calibration factors to adjust the overall significance of each transport 
component. For each parameter sensitivity analysis, only one parameter varies while all 
other parameters remain constant. The effect of the Ventura and Santa Clara River on 
the littoral drift rates is accounted for by including either the average annual river 
discharge or a peak river discharge. In these simulations, the models’ sensitivity to the 
river sediment fraction is investigated as well. In appendix E, the results of the 
sensitivity analysis summarized, including a simulation in which the combined effect of 
the newly derived parameters are combined.  
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5.2 Reference simulation 

The relative effect of the model parameters on the littoral drift rates are compared with a 
reference simulation in which the parameter settings as discussed in chapter 3 are used 
(see also Appendix C, Table C.3.1). The current-related suspended and bed load 
parameters (sus/bed) have a default value of 1.0., whereas the wave-related 
components of the sediment transport (susw/bedw) have a value of 0.3. The grain size 
is 0.2 mm, slightly below the mean value of 0.26 mm. The river discharge of the Santa 
Clara and Ventura River is not taken into account into the reference simulation. 

5.3 Scaling of the grain size 

The grain size sensitivity analysis is based on sand with a single-fraction distribution 
within the entire model domain. The grain size diameters (D50) ranges from 0.125 - 0.42 
mm. A diameter (D50) of 0.125 mm represents the Littoral Cut-off Diameter (LCD), 
whereas a D50 of 0.42 mm is the maximum grain size to be found on several beaches 
within the SBLC (Mustain, 2007). In Figure 5.2, simulations with grain sizes of 0.125, 
0.20, 0.26, and 0.42 mm are compared. A grain size of D50=0.26 mm represents the 
mean grain size within the entire SBLC (Mustain, 2007). Large influence is noticed for 
the finest particle size of 0.125 mm. In particular the difference in transport between 
neighbouring transects (e.g. transects 23, 24 and 25) is larger for this diameter than for 
the larger diameters. The mean grain size of 0.26 mm shows a realistic pattern of the 
littoral drift rates, but slightly underestimates the transports at the Santa Barbara and 
Ventura Harbour (transects 12 and 24, respectively).  

5.4 Scaling of the current-related suspended and bed load 

The current-related suspended load transport is based on the variation of the 
suspended sediment concentration field due to the effects of currents and waves. The 
current-related bed load transport is based on a quasi-steady approach, which implies 
that the bed-load transport responds instantaneously to the current-velocity, and acts in 
the direction of the near-bed current (Van Rijn, 2004). The current-related calibration 
factors (sus/bed) have a lower and upper limit of 0.5 and 2.0, respectively. The default 
value of 1.0 implies a perfect representation of the physics of sand.  
 
The sensitivity of the current-related transport components is analysed by adjusting the 
sus and bed simultaneously in the range of 1.0 to 0.5 (Figure 5-3). A reduction of the 
sus/bed from 1.0 to 0.5 generally results in a reduction (up to 50%) of the littoral drift 
rates. Lowering the sus/bed loads to a larger deviation between the sediment transport 
through transect 12 and the Santa Barbara Harbor dredging results, whereas the 
sediment transport through transect 24 (Ventura Harbor) is hardly affected. The default 
value of 1.0 for the sus/bed parameters seems to be a good proxy for the dredging 
rates. 
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Figure  5-2 Influence of the grain size (D50) on littoral drift rates 

 

 
Figure  5-3 Influence of the current related suspended and bed load parameter (sus/bed) on littoral drift rates 
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5.5 Scaling of the wave-related suspended and bed load 

The wave-related transport components for bed and suspended load (susw/bedw) acts 
in the direction of the wave propagation. In the surf zone, this implies that the wave-
related transport component is responsible for the onshore-directed transports. While 
the sensitivity analysis is based on the littoral transport, variations in the wave-related 
transport factors (susw/bedw) should not have much effect. In regions where the 
waves, despite refraction, break at an angle with respect to the shoreline, the influence 
of the susw/bedw can however be significant. In the sensitivity analysis, calibration 
factors in the range of 0.0 (no wave related suspended and bed load) to 1.0 are applied. 
In Figure 5-4, the mean total transport resulting from wave condition 19 is presented to 
indicate the effect of the wave-related transport component. The black vectors indicate 
the sediment transport resulting from a susw/bedw value of 1.0, whereas the red 
vectors refer to a susw/bedw of 0.0. The effect of the susw/bedw on the onshore 
component is apparent. 
 

 
Figure  5-4 Effect of susw/bedw on the littoral drift 

 
In Figure 5-5, the influence of the susw/bedw on the littoral drift rates is shown. The 
largest effects are noticeable in the eastern region of the model domain (i.e. transects 
24, 25, 26), where southern swell waves approach the coastline under large oblique 
angles. While the angle of wave approach is one of the main components that drive the 
littoral current, variation of the susw/bedw parameter has significant effects on the 
littoral drift rates. The variation in littoral drift will be enlarged for transects that are not 
completely perpendicular to the shoreline. Based on the dredging rates, a susw/bedw 
value of 1.0 exaggerates the littoral drift rates with 30% and 80%, whereas a value of 
0.3 underestimates the littoral drift rates with 40% and 50% for the Santa Barbara and 
Ventura Harbor, respectively. With a susw/bedw value of 0.4, a reasonable proxy for 
the dredging rates is obtained. 
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Figure  5-5 Influence of the wave related suspended and bed load parameter (susw/bedw) on littoral drift 

rates 

5.6 River discharge 

5.6.1 Average annual river discharge 

The average annual river discharge, based on a timeseries of 14 years (section 1.4.3), 
is 7.51 m3/sec and 2.77 m3/sec for the Santa Clara River and the Ventura River, 
respectively. Concentration rates (C) are derived from the relation between the annual 
sediment delivery (Table 1.6, section 1.4.3) and the annual water discharge, and are 
10.20 kg/m3 for the Santa Clara River and 2.27 kg/m3 the Ventura River. The mean 
grain size (D50) at the downstream end of the Santa Clara River is 0.76 mm (Stillwater 
Sciences, 2007). 
 
In the sensitivity analysis, the above mentioned river discharges and concentrations are 
applied with fluvial grain size varying from 0.125 mm (littoral cut-off diameter) to 0.76 
mm. The fluvial sediment concentration is primarily bounded between the mainland and 
the -30-depth contour (Figure 5-6). The littoral sediment transport is only affected 
upcoast of the Santa Clara River mouth (Figure 5-7). Variations in the grain size of the 
river sediment fraction do not have a significant effect on the littoral drift rates. 
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Figure  5-6 Distribution of the river sediment concentration at the last time step of the simulation 

 

 
Figure  5-7 Influence of the average annual Santa Clara and Ventura River discharge on the littoral drift 

rates 
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5.6.2 Flood river discharge 

As stated in section 1.4.3, hypopycnal flows account for nearshore delta formation, 
whereas hyperpycnal flows deposit sediment in the offshore delta. The mean annual 
flood discharge (Qmaf), which is statistically defined to be the 2.33 yr recurrence interval 
peak discharge, can be seen as an upper boundary at which hypopycnal flows takes 
place (Warrick et. al., 2003). 
In the sensitivity analysis of the flood river discharge, a hypopycnal flow is simulated, 
while the nearshore delta deposits are subject to wave impact and longshore transport. 
For the Santa Clara River, the mean annual flood discharge (Qmaf) , is 520 m3/s. No 
data on the mean annual flood discharge of the Ventura River is available. While the 
ratio of the average annual discharge between the Santa Clara River and the Ventura 
River is 2.7 (see section 5.6.1), the mean annual flood discharge Qmaf for the Ventura 
River is determined to be 192 m3/s. The sediment concentration is 40 g/l, which is the 
hypopycnal upper bound. The simulation period is 60 hours. 
 
While the mean annual flood discharge (Qmaf) is a hypopycnal flow, the distribution 
pattern of the fluvial sediment fraction is the same as for the simulation in which the 
average annual river discharge is used (see Figure 5-7). The littoral drift rates show a 
slight increase in the region of the Santa Clara River mouth (transect 23 -25). A 
variation in the diameter of the grain size does not have any significant impact on the 
littoral drift rates (Figure 5-8). 
 
 

 
Figure  5-8 Influence of the mean annual Santa Clara and Ventura River flood discharge on the littoral drift 

rates 
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6 Evaluation of the final simulation 

6.1 Model setup 

To improve the detail of the velocity field in the nearshore region, the grid cell resolution 
is doubled in both the cross and the longshore direction. In this way, the fine grid has 
519 grid lines in M-direction (longshore) and 219 in N-direction (cross-shore). The 
cross-shore grid size varies in the range of 10 – 20 m in the nearshore region, whereas 
the longshore grid size has a range of 200 – 250 m. An example of the grid resolution in 
the region of the Santa Barbara Harbor is presented in Figure 6-1. The resolution of the 
refined grid allows for the inclusion of thin dams that represent obstacles like 
breakwaters and groins.  

 
Figure  6-1 Grid resolution in the Santa Barbara region for both the coarse and refined grid. 

 
The enhanced grid resolution results in a more detailed velocity field. Figure 6-2 
presents the effect of the grid resolution on the sediment transport. The mean total 
transport 3 km south of Ventura Harbour, resulting from wave condition 19, is presented 
for both the coarse and the 
refined grid. The sediment 
transport calculated with the 
refined grid is indicated with red 
arrows; the black arrows 
represent the sediment transport 
calculated with the coarse grid. 
The pattern of the velocity 
distribution is similar, although 
the ‘refined sediment transport’ is 
located more offshore as a result 
of the higher bathymetric 
resolution. In addition, the 
magnitude of the depth-averaged 
velocity is in general somewhat 
higher for the refined grid, 
resulting in higher sediment 
transports. 

 
 

Figure  6-2 Coarse (black) and refined grid (red) 
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The simulation time step (∆t) for the hydrodynamic calculations is decreased from 30 
seconds to 15 seconds to ensure numerical stability. The mean grain size diameter 
(D50) of 0.26 mm (Wentworth scale: medium sand) is used to represent the sediment 
within the entire model domain. The wave and current-related sediment transport 
calibration factors are 0.4 and 1.0, respectively, based on the sensitivity analysis as 
describes in chapter 5. The river discharge is simulated as an average annual river 
discharge instead of a mean flood discharge, while the spreading of the fluvial sediment 
fraction within the area is more realistic for the first than for the latter. The annual Santa 
Clara River discharge (Qmean) is 7.51 m3/sec with a concentration rate (C) of 10.20 
kg/m3; the annual discharge (Qmean) of the Ventura River is 2.77 m3/sec and has an 
average concentration rate (C) of 2.27 kg/m3. The grain size diameter (D50) of the fluvial 
sediment fraction is 0.76 mm (Wentworth scale: coarse sand). 

6.2 Analysis of the residual current 

6.2.1 Tidal current 
 
The residual current is compiled of a tidal and a wave driven (i.e. littoral current) 
component, and is obtained by Fourier analysis of the velocity field. Relative to the 
littoral current, the tidal current contribute less to the total sediment transport along the 
coast. Still, the tidal current can (locally) transport sediment, while acceleration of flow 
due to convergence of flow streamlines locally can increase the velocities up to 2 m/s.  
 The California Current (CC) and its counterpart, the Southern California Countercurrent 
(SCC), dominate the flow pattern within the Santa Barbara Channel (Hickey, 1992). The 
SCC enters the Santa Barbara Channel between Anacapa Islands and the mainland, 
and flows along the mainland in western direction (Figure 6-3).  Figure 6-4 and 6-5 
illustrate the velocity field and the sediment transport patterns, respectively, during flood 
(a) and ebb (b). In case of flood (Figure 6-4a), the sediment transport enters the Santa 
Barbara Channel from the 
south-southeast, through the 
entrance between the 
Northern Channel Islands and 
the mainland. Shortly after the 
tidal sediment transport enters 
the model domain, the 
transport trajectory bends 
towards the coastline, along 
which it flows towards the 
west/northwest. From the City 
of Carpinteria, the tidal 
sediment transport is bounded 
within a narrow flume that is 
directed from East to West. 
For ebb-tidal flows, the current 
is directed  opposite, with 
relatively low maximum 
velocities being in the order of 
1.0 cm/s (Figure 6-4b).  
 
  
 

  

Figure  6-3 Circulation pattern in the Southern California Bight 
http://seis.natsci.csulb.edu/bperry/scbweb/  
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The residual tidal current during one tidal simulation period shows a similar pattern as 
for the ebb- and flood tidal flows (Figure 6-4c). In general, the residual tidal sediment 
transport along the coastline is directed opposite to the littoral current. At locations that 
are mostly sheltered from wave energy (e.g. just downcoast of the Cities of Goleta and 
Santa Barbara), little east-westwards directed sediment transport can be expected.  
 

 
Figure  6-4 Tidal current pattern for (a) flood, (b) ebb and (c) residual. 
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Figure  6-5 Tidal sediment transport pattern for (a) flood, (b) ebb and (c) residual. 
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6.2.2 Residual Current 
 
The residual current is determined by Fourier analysis of the velocity field, accounting 
for both the effect of tides and waves. By setting the number of cycles within the 
analysis time frame to zero, the mean velocity for each simulation (i.e. wave condition) 
is obtained. The residual current results from the weighted average of the mean 
velocities of all (10) wave conditions within the morphological representative wave 
climate. The model domain is divided into seven sections (Figure 6-6). Focus sites are 
near the cities of Goleta and Carpinteria and the Ventura and Santa Clara River Delta 
(sections 3, 5 and 7), where significant shoreline erosion endangers the subsistence of 
the beaches.  
 

 
Figure  6-6 Subdivision of the model domain. Sections 3, 5 and 7 (indicated in red) represent the focus sites. 

 
Figure 6-7 illustrates the energy dissipation for wave condition 62 (southern swell) and 
wave condition 88 (western swell) to indicate the effect of the wave direction on energy 
concentrations. Section 3 covers the Goleta Platform, a protrusion that encounters high 
wave energy concentrations in case of western swells. Especially at Ellwood Beach 
(upcoast of Coal Oil Point) and Isla Vista Beach (in between Coal Oil Point and Goleta 
Point) is subject to high energy loads from western swells. The eastern flank of the 
Goleta Platform is almost completely sheltered from wave energy for both western and 
southern swells. Along the entire coastline within section 5, near the city of Carpinteria, 
high energy dissipation rates arise for both western and southern swells. In particular 
the coastlines downdrift of the Carpinteria State Beach and orth of Sandy Point, are 
exposed to high wave energy loads. Section 7 covers the Ventura and Santa Clara 
River Delta. In case of southern swells, most energy dissipation occurs north of the 
Ventura River mouth and south of the Santa Clara River mouth. In between, near the 
Ventura Harbor, the coastline is located more inland, resulting in less exposure to wave 
energy from southern swells. For western swells, no sheltering effect due to the 
coastline orientation occurs, resulting in high energy dissipation rates in the region of 
the Ventura Harbor. 
 
The pattern of the residual current, which accounts for the combined effect of the tidal 
and littoral current, is dominated by the littoral current and is directed from West to 
East/SouthEast. For section 1 to 7, the residual current is illustrated to indicate the 
pattern of the velocity field (Figure 6-9 – Figure 6-13).  
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Figure  6-7 Impression of the energy dissipation near the focus sites for a southern (upper panel) and a 

western (lower panel) swell. 

 
 
Section 1 
The first section, including transects 1-3, stretches from Gaviota to Refugio State 
Beach. Wave energy from the dominant western swell propagates almost parallel along 
the west-east orientated coastline. As a result, the angle of approach between the 
incoming wave and the shore normal is much larger than 45°. Consequently, the littoral 
current in this section is relatively weak and the magnitude of the residual velocity is 
relatively low (see Section 1.2). From transect 1 to transect 2, the foreshore gradually 
becomes more gentle, therefore refracting the waves and decreasing the angle of wave 
approach. Consequently, the magnitude of the residual velocity increases between 
transects 1 and 2 (Figure 6-9a). Downcoast of transect 2, less refraction occurs due to 
steepening of the foreshore, resulting in a decrease of the residual velocities. 
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Section 2 
From section 1 to section 2, there is a gradual increase of the velocity magnitude as a 
result of the changing coastline orientation (Figure 6-9b). In section 1, the coastline has 
a west-east orientation, whereas in section 2 there is a southward bend of the coastline 
of roughly 25°. While more exposed to western swells, energy dissipation rates are 
therefore larger in section 2, resulting in residual velocity magnitudes that increase from 
roughly 2.0 cm/s near transect 4 to 4.0 cm/s near transect 6. 
 
Section 3 
The Goleta Platform experiences high energy loads from western swells (see Figure 6-
7) and is almost completely sheltered from wave energy from southern swells due to 
the energy blocking by the Northern Channel Islands. As a result, the velocities of the 
littoral current are highest at the western and southern side of the Goleta Platform. At 
Ellwood Beach, the shoreline faces southwest. The average beach width ranges from 
20 metres in the west to 90 metres near Coal Oil Point (Revell and Griggs, 2005). At the 
western side of Ellwood Beach, there is an abrupt counter clockwise rotation of the 
coastline. As a result, the residual velocities locally increase to almost 5.0 cm/s. 
Halfway Ellwood Beach, the coastline bends back in seaward direction. The angle 
between the prevailing waves and the coastline decreases again and the velocities 
decrease rapidly at the eastern side of Ellwood Beach (north of Coal Oil Point). Isla 
Vista Beach lies between Coal Oil and Campus Point and faces south. The average 
beach width is very narrow and ranges between 5 to 40 metres (Revell and Griggs, 
2005). East of Coal Oil Point, the residual velocities rapidly increase to 6.0 cm/s. 
Looking to the east, the shoreline of Isla Vista Beach gradually rotates in seaward 
direction. Consequently, the angle between the waves and the coastline decreases, 
and the residual velocities decrease to almost zero. West of Campus Point, from UCSB 
up to Goleta Beach, the coastline orientation changes to southeast facing. This stretch 
of coast is sheltered from both western and southern swells. This is illustrated in Figure 
6-8, in which the significant wave height and its trajectory for a typical western swell 
(wave condition 88) and a typical southern swell (wave condition 62) is plotted. The 
residual current diverges and consequently the velocity decrease to approximately 1.0 
cm/s between UCSB and the west side of Goleta Beach (Figure 6-9c). The eastern side 
of Goleta Beach, at Goleta Slough, does not encounter much shelter from the Goleta 
Platform and is again exposed to wave energy from western swell.  Consequently, the 
residual velocities increase at Goleta Beach (near Goleta Slough) from West to East. 
 

 
Figure  6-8 Significant wave height and its trajectory near Goleta Platform for wave condition 88 (left panel)  

and wave condition 62 (right panel). 
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Figure  6-9 Residual current pattern for (a) section 1, (b) section 2, (c) section 3 and (d) section 4. 
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Section 4 
For this section, the same pattern as for the Goleta Platform is observed. At the western 
side, between transect 9 and 10, the direction of the coastline changes from West-East 
to Northwest-Southeast, the foreshore steepens and the surfzone becomes more 
narrow (Figure 6-9d). As a result, the residual current is converged and the velocities 
increase to 6.0 cm/s near transect 10. The residual velocity remains approximately 
constant from transect 10 to transect 12 (west of Leadbetter Beach). From there, the 
coastline faces southeast and is sheltered from wave energy from western swells. The 
foreshore becomes more flat and the surf zone widens, resulting in a divergence of the 
residual current and a decrease in the residual velocities. The decrease of the residual 
velocity continuous, until eventually at the Santa Barbara Habor the residual current is 
nearly diminished. West Beach (transect 13), is located immediately adjacent to the 
harbour breakwater and west of East Beach. It is completely sheltered from western 
swells due to the coastline orientation and the breakwater configuration (Figure 6-10, 
lower panel). Occasionally, West Beach experiences energy loads from south-eastern 
swells (Figure 6-10, upper panel), resulting in an east-west direction of the residual 
current.  Between transect 13 and 14, the influence of the western swell energy is 
noticeable again: the residual current is directed from West to East and increases to 4 
cm/s at transect 14. 
 
 

 
Figure  6-10 Significant wave height and its trajectory near Santa Barbara Platform for wave condition 62 

(upper panel) and wave condition 88 (lower panel). 
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Section 5 
From section 4 to 5, there is a rather abrupt clockwise rotation (~40°) of the coastline. 
In this region, the coastline is no longer dominated by western swell. Wave energy from 
south/southeastern swell reaches the coastline on a regular basis, resulting in an 
upcoast directed littoral current.  The effect it has on the residual current is illustrated in 
Figure 6-10. The red arrows indicate the trajectory of wave condition 62 (Hs= 3.75 m, 
Dir = 170°N). The black arrows indicate the trajectory  of wave condition 88 (Hs=5.71 m, 
Dir = 278°N). At the riprap backed stretch of coastline just North of Sandy Point, near 
Sandyland, the angle of wave approach (φ) with respect to the shore normal is about 
equal but opposite for the southern and western swells (Figure 6-10). Consequently, the 
residual current velocities are relatively low in the region of Sandyland (Figure 6-11). 
East of Carpinteria State 
Beach, the coastline rotates 
counterclockwise, resulting 
in a decrease of the angle 
(φ) for southern swells and 
an increase of (φ) in case of 
western swells. As a result, 
the littoral current is 
dominated by the western 
swell and the residual 
velocities are directed to the 
south/southeast and 
increase up to 6 cm/s near 
transect 17 (Rincon Beach).  
 
 
 

 
Figure  6-12 Residual current pattern for section 5. 

 
 
 
 
 

 
Figure  6-11 Trajectory for (red) wave condition 62 (dir=170°N) 

and (black) wave condition 88 ( dir =278°N). 
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Section 6 
Rincon Point, located between transect 17 and 18, is a protrusion at the southeast end 
of Rincon Beach with a relatively steep foreshore and narrow, riprap protected beaches 
(Figure 6-13). The sharp counterclockwise rotation at the downcoast side of Rincon 
Point significantly enlarges the angle of the incoming western swells. As a 
consequence, the residual velocities rapidly increase to 3.0 cm/s at the southeastern 
segment of Rincon Point. Subsequently, between transect 18 and the Richfield Pier, the 
coastline faces southwest again and western swell waves have a relatively small angle 
with respect to the shore normal. This, together with the occasional littoral current from 
southern swells, results in a decline of the residual current upcoast of Richfield Pier. 
 
Downcoast of Richfield Pier a similar pattern of the residual velocities is observed due 
to/resulting in the sawtooth-like coastline: the land inward bend of the coastline results 
in an increase of the residual velocity magnitude, after which the residual velocity 
decreases again because of the seaward rotation of the coastline (transect 19).  
 
 

 
Figure  6-13 Residual current pattern for section 6. 
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Section 7 
At the Ventura River mouth (transect 23), the coastline orientation abruptly changes to 
south facing and the residual current increases significantly in west-east direction. The 
cause of this increase is illustrated in Figure 6-14. Near the Ventura River mouth, the 
little refracted western swell (e.g. wave condition 88, Hs=5.71 m, Dir = 278°N) has an 
angle of wave approach (φ) close to 45°. In this region, swell from the south (e.g. wave 
condition 62, Hs= 3.75 m, Dir = 170°N) will approach the coast almost perpendicular. 
The western swell dominates the littoral current along this stretch of coastline. The 
residual velocities are directed west-east and reach a maximum of 6.0 cm/s just south 
of transect 23 (Figure 6-15). 

 
Figure  6-14 Significant wave height and its trajectory near Ventura Harbor for wave condition 88 (left panel)  

and wave condition 62 (right panel). 

 
Subsequently, the coastline rotates seaward to approximately 60° with respect to the 
west-east orientation. This, together with the presence of multiple groins and the 
Ventura Harbor configuration, decelerates the residual current. Just upcoast of the 
Ventura Harbor, the angle of wave approach (φ) with respect to the shore normal is for 
both southern en western swells relatively small and, consequently, the residual 
velocities are negligible (Figure 6-15). 
 
At the mouth of the Santa Clara River, between transect 24 and 25, the foreshore is 
gently sloping by fluvial sediment delivery. The effect of both western and southern 
swells on the residual velocities is apparent. The residual current is dominated by 
southern swell wave energy just downcoast of the Ventura Harbor, while the breakwater 
configuration of the harbor locally shelters the coastline from western swell wave 
energy. Subsequently, the western swell wave energy dominates the residual current 
again at the Santa Clara River mouth and at McGrath State Beach (between transect 
25 and 26).  
 
Although the residual velocities south of the Santa Clara River mouth are dominated by 
the western swells and directed south, southern swells do have a significant effect. 
Consequently, the gross velocities are large along this part of the coastline. 
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Figure  6-15 Residual current pattern for section 7. 
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Figure  6-16 Residual sediment transport vectors for the Santa Barbara Channel. 
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6.3 Analysis of the littoral drift 

Littoral drift is induced by the littoral current that is driven by the radiation stress of 
waves approaching under an angle. The complex geometry of the SBLC coastline 
causes spatial differences in the magnitude of the residual flow velocities. Changes in 
coastline orientation (either abrupt or gradual), alongshore water depth variations and 
variations in the width of the surf zone, (locally) results in a velocity gradient of the 
littoral current. For a sandy coast, the gradient in the littoral current will result in a 
longshore variation of the littoral drift, causing the coastline either to accrete or to erode. 
While in the simulation unlimited sediment supply is assumed and the entire coastline of 
the SBLC is modelled as a sandy coast, the pattern of littoral drift rates reflects the 
pattern of the residual current. A gradient in the residual current therefore results in a 
gradient of the littoral drift rates. 
 

 
Figure  6-17 Littoral drift rates for the Santa Barbara Channel 

 
Figure 6-16 and Figure 6-17 illustrate the spatial variation of the littoral drift along the 
coastline of the Santa Barbara Channel. The simulated littoral drift rates through the 
transects upcoast of the Santa Barbara and Ventura Harbor are in good agreement with 
the annual dredging rates. The error between the simulated littoral drift rates and the 
dredging rates is in the order of 10%, with the simulated transport rates being 
underestimated. Taking the minor reversal transport at transect 13 into account, this 
underestimation is partly counteracted. At locations where the coastline consists of 
sandy beaches, the gradient in the littoral drift curve gives an indication on the 
erosion/accretion trends to be expected. 
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Although the net sediment transport is almost unidirectional from West to East, there is 
a distinct difference in the composition of the sediment transport rates between the 
coastline upcoast (transect 10-15) and downcoast  (transect 16-28) of Sandyland. 
Upcoast of Sandyland, sediment transport is dominated by western swells while the 
Northern Channel Islands almost completely block southern swells. Southern swells 
that do reach this part of the coastline arrive almost perpendicular to the shoreline and 
will therefore have no significant contribution to the total sediment transport. Downcoast 
of Sandyland, the western swells still dominate the sediment transport rates. However, 
swells that originate from the south have much more impact on the longshore sediment 
transport. Consequently, gross sediment transport rates are in general relatively large 
along this part of the coastline. This is illustrated in Figure 6-18: the yellow bars indicate 
the total annual sediment transport, whereas the lines indicate the individual 
contribution of each wave condition within the morphological representative wave 
climate to the total annual sediment transport. Positive values indicate a downcoast 
directed littoral drift, whereas negative values represent the littoral drift in upcoast 
direction. The increase in the gross sediment transport downcoast of Sandyland 
(transect 16-28) is clearly observable. Apart from transect 24, immediately upcoast from 
Ventura Harbor, where the breakwater configuration prevents sediment being 
transported in upcoast direction. 
 

 
Figure  6-18 Individual sediment transport contribution by each wave condition within the morphological 

representative wave climate (colored lines) to the total annual sediment transport (yellow 
bars). 
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Section 1 and 2 
The undeveloped coastline within section 1 and 2 (transect 1 to 6) predominantly 
consist of rocky bluffs that have relatively low erosion rates. The residual velocity is 
relatively low because of the large angle (over 45°) between the incoming waves and 
the coast normal. Consequently, the littoral drift rates in these sections are rather low 
with a maximum of 119,000 m3/yr at transect 2. Between transect 1 and 2, the slope of 
the foreshore becomes more gentle. The waves will refract more and the angle of wave 
approach (φ) decreases, resulting in higher residual velocities and consequently in a 
higher littoral drift rate near transect 2. 
 
The gradual seaward rotation of the coastline at section 2 enlarges the impact of 
western swell energy loads on the coast. The velocity magnitude of the residual current 
increases in southeastward direction and consequently results in an increase of the 
littoral transport (transect 3-6). Except for transect 5, where the littoral drift rate is with 
29,000 m3/yr somewhat lower because of the sheltering effect of the protrusion at El 
Capitan State Beach. Like section 1, rocky bluffs are predominantly present in the area 
that prevents the coastline from fast erosion. 
 
Section 3  
Ellwood beach is a dune-backed stretch of shoreline facing southwest that is located on 
the west side of the Goleta Platform (section 3; transect 7-8). At the western side of 
Ellwood Beach, the beach width ranges from 5 to 32 metres, with an average of 19 
metres for the time period between 1938-2003 (Revell and Griggs, 2005). In downcoast 
direction, almost up to Coal Oil Point, the beach width envelope increases (ranging from 
38 to 135 m) with an average of 85 metres (Revell and Griggs, 2005). The pattern of 
the residual current as illustrated in Figure 6-9c is in agreement with these 
observations. The abrupt counter clockwise rotation of the coastline at the western side 
of Ellwood Beach locally increases the residual velocities. Halfway Ellwood Beach, the 
coastline bends back in seaward direction. The angle between the prevailing waves and 
the coastline decreases again and the velocities decrease up to Devereux Slough. 
While seeking for an equilibrium, the coastline rotates clockwise to decrease the angle 
between the prevailing waves and the coastline. As a result, the western side of 
Ellwood Beach will erode, with sediment being transported to the eastern side of the 
beach in front of the Devereux Slough. The beach disappears around the rocks at Coal 
Oil Point. 
 
Isla Vista Beach stretches from Coal Oil Point to Campus Point and is a bluff-backed, 
narrow beach that experienced significant erosion over the last decades (Revell and 
Griggs, 2005). In 1938, there was about 80,000m2 of beach with an average beach 
width of 25 meters, whereas in 2003 the beach area is down to about 40,000 m2 with an 
average beach width of 12 metres (Revell and Griggs, 2005). The beach volume 
reduction is caused by the lack of sediment being transported around the rocky bluff at 
Coal Oil Point. Like Ellwood beach, a clockwise rotation of Isla Vista Beach is observed 
(Revell and Griggs, 2005). The beach seeks for an equilibrium at which the orientation 
of the coastline is as much perpendicular to the prevailing wave direction as possible. 
This is clearly visible in the pattern of the residual current: the large magnitude of the 
residual velocities halfway Isla Vista Beach (transect 8) gradually decrease in 
downcoast direction due to the gentle southwest rotation of the coastline at the eastern 
side of the beach. Consequently, erosion has narrowed the average beach width 
halfway Isla Vista Beach significantly to about 5 metres, whereas the average beach 
width just west of Campus Point is on average 30 metres. 
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From Campus Point to Goleta Beach, the shoreline orientation abruptly changes to 
southeast facing. The decline in the residual velocities and the negative gradient in the 
longshore sediment transport between transect 8 and 9 (from 274,000 to 20,000 m3/yr) 
as illustrated in Figure 6-16, suggest an accreting trend at the western side of Goleta 
Beach. The lack of sediment being transported around Campus Point however prevents 
the beaches of UCSB and the part of Goleta Beach west to Goleta Slough to accrete. 
The widths of these beaches show a high variability. For the time period between 1938-
2003, the beach width ranged from 0-150m for the UCSB with an average of 
approximately 40 metres (Revell and Griggs, 2005). The western part of Goleta Beach, 
up to Goleta Slough, ranged from 30-120 metres. 
 
At Goleta Slough, the coastline is 
exposed again to the refracted 
western swells and the residual 
current increases in eastern direction 
as a result of the clockwise rotation 
of the coastline at the west side of 
the Santa Barbara Platform. This 
clarifies the positive gradient in the 
sediment transport from transect 9 to 
10. The sediment transport 
increases from 20,000 m3/yr at 
transect 9 to approximately 181,000 
m3/yr at transect 10 (Figure 6-19), 
resulting in erosion at Goleta Beach. 
The wave condition that dominates 
the increase in sediment transport 
between transect 9 and 10 is wave 
condition 24, as can be seen in 
Figure 6-18. Although the wave 
height (Hs=1.74 m) and the peak 
period (Tp=12.24 sec) are relatively low in comparison to the other wave conditions 
within the morphological representative wave climate, the probability of occurrence is 
high being 46.37 %. This, together with the large angle of wave approach near Goleta 
Slough, results in a relatively high contribution (approximately 50 %) of wave condition 
24 to the total sediment transport through transect 10. 
 
Section 4 
The western side of the Santa Barbara Platform, between transect 10 and 11, consists 
of narrow beaches that are backed with bluffs. Although the residual velocities are 
relatively high, no velocity gradient exist and consequently there is no transport gradient 
between transect 10 and 11. This, however, does not imply that this stretch of coastline 
is not subject to erosion. Cliff-erosion is the primary cause of erosion at the 
surroundings of Arroyo Burro Beach (Hapke and Reid, 2007). The average rate of 
retreat over the last 70 years was approximately -1.0 m/yr. 
At Leadbetter Beach, the coastline is rotated little to southeast facing. The longshore 
sediment transport at Leadbetter Beach (transect 12) about equal to the sediment 
transport near Arroyo Burro Beach being in the order of 207,000 m3/yr. The sediment 
passes Leadbetter Beach and finally ends up in the approach channel of the Santa 
Barbara Harbor. The average dredging rate for the Santa Barbara Harbor is 240,000 
m3/yr, based on a 70 year dredging record. Immediately adjacent to the harbor 
breakwater, at West Beach, there is an ongoing accretion trend (Figure 6-19). The long-
term accretion rate is being on the order of 2.0 m/yr  (Hapke C.J. et al., 2006). The 

Figure  6-19 Littoral drift gradients causing erosion (red) 
and accretion (blue)  
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residual velocities are negligible at West Beach due to (1) the breakwater configuration 
and (2) the orientation of the coastline.  West Beach is completely sheltered from 
western swell, and the almost perpendicular to the shoreline approaching southern 
swell approaches will hardly create a littoral current. Immediately downcoast of the Pier, 
at East Beach, the velocities of the residual current are, although relatively small, 
directed east-west. As a result, little reversal (i.e. upcoast directed) transport is present 
at transect 13. East of East Beach, the coastline changes into rocky bluffs and the 
residual current is dominated by western swell. As a result, the littoral sediment 
transport increases from transect 13 to transect 14 from -18,000 m3/yr to 14,000 m3/yr, 
respectively. 
 
Section 5   
Section 5 covers Sandyland Cove, the City of Carpinteria Beach and Carpinteria State 
Beach. Upcoast of the protrusion at Sandy Point, the coastline is protected by rock 
revetment. The coastline is subject to western as well as southern swells and 
consequently has a large alongshore and seasonal variability in beach width, with 
accretion in the summer and erosion in the winter. The beach width along the City of 
Carpinteria Beach has been relatively stable over time ranging from 25 m to 60 m, with 
an average beach width of approximately 45 m (Barnard, 2007). There is a long-term 
trend of erosion at the City of Carpinteria Beach (transect 16) and accretion at the 
western side of Carpinteria State Beach (Barnard 2007). By a clockwise rotation (i.e. 
erosion at the northwest and accretion at southeast), the coastline reduces the angle of 
wave approach. Northwest of the City of Carpinteria Beach, the beach is already 
completely vanished by erosion and rock revetment is necessary to protect the 
hinterland. The revetment along this part of the coastline and along Sandyland, 
maintains the erosion at the City of Carpinteria Beach. While the revetment prevents 
erosion at Sandyland and fixates Sandy Point, rotation of the coastline (i.e. reducing the 
angle of wave approach) is only possible at the beaches in front of Carpinteria. The 
revetment does not function as an obstacle for longshore sediment transport, but it 
creates a gradient in the sediment transport downcoast of Sandy Point. 
 
East of Carpinteria State Beach, the residual current significantly increases and the 
beach completely vanishes. Downcoast, the coastline is primarily consists of bluffs with 
occasionally narrow pocket beaches in front. The littoral drift rate increases from 23,000 
m3/yr at transect 16 to 270,000 m3/yr at transect 17. 
 
Section 6 
The beaches downdrift of Carpinteria have relatively small ranges of beach width and 
are primarily armoured shorelines. The net sediment transport within this section is 
relatively low being in the order of 100,000 m3/yr. Sediment transport caused by 
southern swells are of increasing importance, so there is an increase in gross sediment 
transport (Figure 6-18, transect 16-21). The dominant southern swell condition is wave 
condition 32 (primary wave parameters: Hs=2.21, Tp=15.39, Dir=174°N, weight 
factor=0.0391). 
Immediately downcoast of Rincon Point, there is a one-kilometre stretch of the coastline 
that has no beach and is protected by a rocky revetment. In southern direction, up to 
Richfield Pier, the beach width enlarges to approximately 30 metres. Here the same 
clockwise rotation as at Ellwood Beach, Goleta, is observed, with erosion at the upcoast 
and accretion at the downcoast part of the beach. This has resulted in the sawtooth-like 
shape of the coastline along this section. The abrupt landinward rotation of the coastline 
south of Rincon Point enlarges the west-eastward directed residual current, causing 
erosion. Then, the coastline rotates seaward to southwest facing, the angle of western 
swell approach decreases causing the residual velocities to decrease as well. 
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Consequently, accretion occurs creating the 30 metres wide beach in front of La 
Conchita. The rocky headland of the Richfield Pier prevents sediment being transported 
around the pier. 
 
Section 7 
From transect 21 to 25, the net sediment transport significantly increases from 63,000 
to 406,000 m3/yr. There is also an increase of the gross sediment transport. At transect 
22, about 3 kilometres upcoast of the Ventura River mouth, the gross sediment 
transport increases from approximately 210,000 m3/yr in upcoast and 340,000 m3/yr in 
downcoast direction. The increase in gross sediment transport is caused the orientation 
of the southwest facing coastline. Swells, coming from either the west or the south, 
have maximum impact on the sediment transport along this part of the coastline while 
the angle of wave approach is in the order of 45° for both directions. 
 
At Ventura Beach, the residual current decelerates by the seaward rotation of the 
coastline. This, together with the construction of multiple groins, has resulted in an 
accretion rate of 2.0 m/yr at Ventura Beach (Hapke C.J. et al., 2006), with beach widths 
ranging between 75 to 200 metres. The beach that was present at the northern side of 
the groins however eroded rapidly with an erosion rate that exceeded -2.0 m/yr (Hapke 
C.J. et al., 2006). Immediately upcoast from Ventura Harbor, the breakwater 
configuration prevents sediment being transported in upcoast direction. This is 
illustrated in Figure 6-18, where there is a sudden drop in upcoast directed sediment 
transport at transect 24. The Ventura Harbor breakwater configuration also prevents the 
downcoast directed littoral drift to pass by, but a dredging by-pass aims to recover the 
original pathway of the longshore sediment transport. On average, 456,000 m3/yr is 
dredged every year directly upcoast of the breakwater. Downcoast of the Ventura 
Harbor, from transect 24 to 28, there is a negative gradient in the littoral drift rates, with 
a net rate being in the order of 200,000 m3/ at Hueneme Beach, Oxnard. Gross 
sediment transports are, however, large along the coastline between Ventura and 
Channel Islands Harbor (Figure 6-18, transects 25-27). 
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Figure  6-20  Mean total transport over the entire simulation period for the Goleta Region (upper panel) and 

Carpinteria Region (lower panel). 
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Figure  6-21 Mean total transport over the entire simulation period for Ventura Region 
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7 Conclusions and recommendations 

7.1 Conclusions 

The primary objective of this study is to increase the understanding of the 
morphological system of the Santa Barbara Littoral Cell by identifying the pathways of 
sediment transport to indicate the driving processes behind the prevailing coastal 
erosion. To objective is attained by answering the four research questions posed in 
chapter 2.  
 
 
Determine the hydrodynamic and morphologic interaction within the Santa 
Barbara Littoral Cell 

• What are the characteristics of the hydrodynamic forcing? 
• What are the characteristics of a reduced set of wave conditions that can 

replace the full set of wave conditions and still represent the correct longshore 
sediment transport? 

 
The driving components of the hydrodynamic forcing are the tide and the prevailing 
wave climate. The tide is characterised by a diurnal tide with a strong semi-diurnal 
distortion. The water level difference during a single tide can be as high as two meter, 
with tidal velocities along the coast rarely exceed 20 cm/s. About 75% of all waves 
within the dataset originate from the west/north-west (270°N - 315°N), having wave 
heights ranging from 0.5 – 7.4 m. The peak period is about 10 seconds for wave 
heights up to 3.0 m, but increases up to 16 seconds or more for wave heights larger 
than 5.0 m. The south/south-eastern swell direction ranges from 135°N - 195°N and 
contributes only 12% to the total dataset. The wave heights of swells from the 
south/southeast are, with a peak value of 4.4 m, lower than wave heights from 
west/north-western swells. The peak periods are relatively higher for south/south-
eastern swells (~15.0 – 18.5 sec) than for west/north-western swells (~10.0 – 18.0 sec). 
 
The wave climate is reduced to a set of ten wave conditions that (1) resemble the total 
sediment transport and (2) resemble ratio between the western and the less frequently 
occurring southern swell. The relative root mean square error between the total 
sediment transport and the sediment transport resulting from the reduced set of wave 
conditions is 5.62%. Four wave conditions originate from the south/south-east whereas 
the remaining conditions originate from the west. Significant wave heights vary between 
1.67 – 7.08 m, with peak periods ranging from 12,2 to 18,5 seconds. Together, these 
waves originally occur during 30 days a year, but in order to resemble the total 
transport, their total probability of occurrence is increased to 61.97 % or 226 days a 
year.  
 
 
Determine the long term morphologic behaviour within the Santa Barbara Littoral 
Cell 

• What are the characteristics of the longshore sediment transport? 
• What is the effect of the longshore sediment transport on the beaches at the 

focus sites and what are the short- and long-term erosion and accretion trends? 
• Are the littoral drift rates limited by sediment supply or wave forcing? 
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The longshore sediment transport is reflected by the residual current, which accounts 
for the combined effect of the tidal and littoral current. The residual current, and 
consequently the longshore sediment transport, is almost uniformly directed from west 
to east/southeast. Changes in coastline orientation (either abrupt or gradual) and 
alongshore water depth variations, results in significant longshore sediment transport 
gradients. Although the net sediment transport is almost unidirectional from west to 
east, there is a distinct difference in the composition of the sediment transport rates 
between the coastline upcoast (transect 10-15) and downcoast (transect 16-28) of 
Sandyland. While hardly affected by southern swell, gross transports are negligible 
along the coastline west of Sandyland. Downcoast of Sandyland the gross sediment 
transport rates are, although dominated by western swell, significantly higher because 
of the effect of southern swell on the sediment transport. 
 
The simulated longshore sediment transport rates are in good agreement with the 
annual dredging rates at the Santa Barbara and Ventura Harbor. The error between the 
simulated littoral drift rates and the dredging rates is in the order of 10%, with the 
simulated transport rates being underestimated. 
 
Based on the analysis of the simulated residual current the main characteristics of the 
littoral drift rates at the focus sites within the Santa Barbara Littoral Cell can be 
summarized as: 

• Goleta region: the abrupt counter clockwise rotation of the coastline at the 
western side of Ellwood Beach locally increases the residual velocities. Halfway 
Ellwood Beach, the coastline bends back in seaward direction and the velocities 
decrease up to Devereux Slough. Consequently, erosion occurs at the western 
part of Ellwood Beach, whereas the eastern side of the beach in front of the 
Devereux Slough accretes. While seeking for equilibrium, the beach rotates 
clockwise and disappears around the rocks at Coal Oil Point. Isla Vista Beach 
shows a similar clockwise rotation. Sediment is being transported from west to 
east, where the residual velocities are decreased and accretion occurs. The 
lack of sediment being transported around the cliff at Coal Oil Point results in an 
ongoing reduction of the beach volume. Just downcoast of Goleta point, the 
decline in the residual velocities suggest an accreting trend at UCSB and the 
western side of Goleta Beach. The lack of sediment being transported around 
Campus Point however prevents the beaches of UCSB and the part of Goleta 
Beach west to Goleta Slough to accrete. East of Goleta slough, the residual 
current increases and is dominated by western swell, resulting in an eroding 
trend of Goleta Beach. The sediment transport at this part of the coastline is 
dominated by the frequently occurring wave condition 24.  

• Carpinteria region: there is a long-term trend of erosion at the City of Carpinteria 
Beach and accretion at the eastern side of Carpinteria state Beach. The 
revetment along the coastline directly upcoast of the City of Carpinteria Beach 
and along Sandyland, maintains the erosion at the City of Carpinteria Beach. 
While the revetment prevents erosion at Sandyland and fixates Sandy Point, 
rotation of the coastline (i.e. reducing the angle of wave approach) is restricted 
to the beaches in front of Carpinteria. The fixation of Sandyland prevents the 
adaptation of the coastline to the prevailing wave condition and maintains the 
relative large angle of wave approach of western swells.  

• Ventura Harbor region: Gross sediment transport rates are large in this region 
because of the orientation of the southwest facing coastline: swells, coming 
from either the west or the south, have maximum impact on the sediment 
transport while the angle of wave approach is in the order of 45° for both 
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directions. The south facing coastline between the Ventura River mouth and the 
groin field encounters erosion as a result of the large angle of wave approach of 
the western swell. Ventura beach has an accretion rate of almost 2.0 m/yr, while 
the Ventura Harbor breakwater and the groin field prevent a transportation of 
sediment further downcoast. A dredging by-pass recovers the disruption in the 
littoral drift of the Venture Harbor breakwater. The increasing effect of sediment 
transport from southern swell enlarges the gross but reduces the net sediment 
transport, resulting in a long term accreting trend downcoast of the Ventura 
Habor. 

 
The erosion within the Santa Barbara Littoral Cell is not associated with a significant 
reduction of sediment supply from the upstream rivers by human alterations, but 
primarily caused by the prevailing wave climate and the local orientation of the 
coastline. Many of the beaches that encounter long-term erosion have a strong 
increase of the littoral drift rate at the upcoast side. By their adaptive capability, the 
beaches rotate clockwise to decrease the angle of wave approach with the prevailing 
wave condition. As a result, the littoral drift rate decreases along the beach and 
consequently accretion will occur at the downcoast side of the beach. These gradients 
are the primary source of erosion and accretion. Increasing the amount of sediment 
supply (e.g. by dam removal or beach nourishments), will not have effect on the 
transport gradients and will therefore not solve the erosion problems. 
 
 
7.2 Recommendations 

For future research into the pathways of sediment transport and the development of the 
coastline within the Santa Barbara Littoral cell, several recommendations are made 
regarding improvements of this study.  
 
This study focuses solely on the alongshore sediment transport. The cross-shore 
exchange of sediment, especially in combination with longshore sediment transport, 
can however contribute to a significant extend to an eroding or accreting trend. 
Validation of the cross-shore sediment transport and bed level changes with the 
available data on beach profile development will be very powerful. 
 
The large variation in grain size along the coastline can result in local deviations of the 
sediment transport. By applying a spatial varying grain size distribution these 
discrepancies can be overcome. Also the application of less-erodible parts of the 
coastline (e.g. cliffs) instead of applying an entirely sandy coast will be a valuable 
addition to the generated output of the model.  
By extension of the flow grid up the Santa Maria River and down to point Mugu Canyon, 
the insight into the real boundaries of the Santa Barbara Littoral Cell can be enlarged. It 
can provide insight into the amount of sediment being transported around Point 
Conception and the amount of sediment that eventually is lost into the submarine 
canyon of Point Mugu. 
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A Governing equations Delft3D FLOW and WAVE 

A.1  Modelling of the hydrodynamics (Delft3D-FLOW) 
 
This section about the FLOW module is partially taken from the Delft3D-FLOW User 
Manual (WL| Delft Hydraulics, 2006). The FLOW module solves the non-linear shallow 
water equations, which are derived from the three dimensional Navier Stokes equations 
for incompressible free surface flow, in two (depth-averaged) or three dimensions.  The 
system of equations consists of the horizontal momentum equations, the continuity 
equation and the transport equations. While the water depth is assumed to be much 
smaller than the horizontal length scale, the shallow water assumption is valid. Under 
this assumption the vertical momentum equation can be reduced to the hydrostatic 
pressure equation. The vertical accelerations are assumed to be small compared to the 
gravitational acceleration and are therefore not taken into account. 
 
The system of equations that are used in the FLOW module take the following 
processes into account: 
 

- Tidal forcing 
- Free surface gradients (barotropic effects) 
- The effect of the Earth’s rotation (Coriolis force) 
- Tidal potential (tide generating forces) 
- Water with variable density 
- Horizontal density gradients in pressure (baroclinic effects) 
- Turbulence induced mass and momentum fluxes 
- Transport of salt, heat and other conservative elements 
- Space and time varying wind shear stress on the water surface 
- Bed shear stress on the base of the flow 
- Space and time varying atmospheric pressure on the water surface 
- Time varying sources and sinks (e.g. river discharges) 
- Drying and flooding of tidal flats 
- Lateral shear stress due to rough walls 
- Effects of secondary flow on depth averaged momentum equations 
- Influence of surface waves on the bed shear stress 
- Wave induced stresses and mass fluxes 

 
To solve the partial differential equations in a numerical model, the equations should be 
transformed to a discrete space. In the Delft3D-FLOW module a finite difference 
scheme on a staggered rectangular or curvilinear grid is chosen to approximate these 
equations. For each grid cell within this staggered grid, Delft3D calculates both the 
water level and the velocity. The water level points are defined in the centre of a grid 
cell, while the velocity components are perpendicular to the grid cell boundaries (Fig. 
A.1). 
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Figure A.1 The Delft3D-FLOW staggered grid showing the upwind method of setting bedload 

sediment transport components at velocity points. The water level points are located in 
the center of the grid cells (Figure taken from Lesser et al., 2004). 

 
A.1.1  Horizontal momentum equations 
When assuming a Cartesian coordinate system, the horizontal momentum equations 
are: 
 

2 2
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h x
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t x y d x x y
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ρ ζ
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⎛ ⎞∂ ∂ ∂ ∂ ∂ ∂
+ + + − = − + + +⎜ ⎟∂ ∂ ∂ + ∂ ∂ ∂⎝ ⎠

 (A.2) 

 
  1        2    2   3        4        5    6          7 
 
In which 

,U V   depth averaged velocity (in x- and y- direction, respectively)  [m/s] 
,x y   distance (in x- and y-direction, respectively)   [m] 

ζ    water level in relation to reference plane    [m] 
f    Coriolis parameter       [s-1] 
d    water depth below plane of reference   [m] 

,cx yτ   x- and y- component of the current induced bed shear stress [N/m2] 

wρ    mass density of water      [kg/m3] 

hυ    horizontal eddy viscosity      [m2/s] 
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The terms within Eq. (A.1) and (A.2) represent: 
 
1. velocity gradient   5. barotropic pressure gradient 
2. advective terms   6. horizontal eddy viscosity 
3. bottom stress    7. external forces 
4. Coriolis force 
 
Both Fx and Fy represent the contributions due to external sources or sinks of 
momentum (external forces by hydraulic structures, discharge or withdrawal of water, 
wave stresses, etc.) and are taken from the WAVE simulations: 
 

yxxx x
x

SS kF D
x y ω

∂∂
= − − =

∂ ∂
       (A.3) 

xy yy y
y

S S k
F D

x y ω
∂ ∂

= − − =
∂ ∂

       (A.4) 

 
where S is the radiation stress tensor:  
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In which 

,x yF   radiation stress gradient in x- and y- direction, respectively [N/m2] 

xxS    radiation stress       [N/m] 

D    total energy dissipation due to waves    [N/ms] 
,x yk k   wave number       [m-1] 

ω    wave frequency       [s-1] 
 
The bottom shear stress in Eq. (A.1) and (A.2) induced by the flow can be defined in 
several ways. For depth averaged flow (2D) the shear stress on the bed may be 
computed by various types of formulations like Chèzy, Manning or White Colebrook and 
can be written in the form: 
 

2cx w

U u
g

C
τ ρ

⎛ ⎞
= ⎜ ⎟

⎝ ⎠

v
 

In which U  is the absolute magnitude of depth-averaged horizontal velocity and C 

represents the Chèzy coefficient. 
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A.1.2  Continuity equations 
The depth-averaged continuity equation is given by 
 

[( ) ] [( ) ] 0d U d V
t x y
ζ ζ ζ∂ ∂ + ∂ +
+ + =

∂ ∂ ∂
      (A.8) 

  1   2     3 
 
In which 
ζ   water level in relation to reference plane    [m] 

,x y  distance (in x- and y-direction, respectively)    [m] 
t   time         [s] 
d   water depth below plane of reference     [m] 

,U V  depth averaged velocity (in x- and y- direction, respectively)  [m/s] 
 
The terms within Eq. (A.8) represent: 
 
1. water level gradient as a function of the time 
2. specific discharge gradient in x-direction 
3. specific discharge gradient in y-direction 
 
 

A.1.3  Transport equations 
The FLOW module makes alternating calls to the sediment transport and morphology 
modules at each time step. The modules enable the calculation of both suspended and 
bed load transport for non-cohesive as well as cohesive sediments. The suspended 
load transport is based on the numerical solution of the depth-integrated advection-
diffusion equation: 
 

2 2

2 2
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c chc hc hc hc hcu v D D h
t x y x y T
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∂ ∂ ∂ ∂ ∂
  (A.9) 

 
In which 
h   water depth        [m] 

,u v  depth averaged velocity (in x- and y- direction, respectively)  [m/s] 

hD   horizontal dispersion coefficient     [m2/s] 

sT   adaptation time-scale       [s] 
c   depth averaged concentration      [kg/m3] 
 
The depth averaged equilibrium concentration eqc is defined as: 

 

,s eq

eq

S
c

u h
=

ur

r         (A.10) 
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in which ,s eqS
ur

 is the depth averaged suspended sediment transport for steady and 

uniform conditions. The adaptation time sT  is a function of the water depth, the 
sediment settling velocity and the shear velocity according to the Gallappatti 
formulations (Gallappatti, 1983). 
 
To calculate the bed load transport the default Van Rijn (2000) transportation 
formulation is used. In this study, the bed-load transport is calculated using an 
approximation method developed by Van Rijn et al. (2003) while the impact of the 
waves on the sediment transport is included. According to this method the magnitude of 
the bed-load transport is computed as: 
 

0.5 0.7
500.006b s s eS w d M Mη ρ=       (A.11) 

 
where 

bS   bed load transport      [kg/m/s] 
η   relative availability of sediment fraction    [-] 

sρ   mass density of sediment     [kg/m3] 

sw   sediment settling velocity     [m/s] 

M   sediment mobility number due to waves and currents  [-] 

eM  excess sediment mobility number    [-] 
 
The sediment and excess sediment mobility number are formulated by: 
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       (A.12) 
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where crv  is the critical depth averaged velocity for initiation of motion based on 

parameterisation of the Shields curve (m/s), rv  is the magnitude of an equivalent depth 
averaged velocity computed from the velocity in the bottom computational layer 
assuming a logarithmic velocity profile (m/s), onU  is the near-bed orbital velocity in 
onshore direction (m/s) and s is a relative density fraction (-). 
 
The direction of the bed-load transport vector is composed of a current- and a wave-
related component. The current-induced part of the sediment transport vector ( ,b cS ) 

acts in the direction of the near-bed current, while the wave-induced part of the 
sediment transport ( ,b wS ) vector acts in the direction of the wave propagation: 
 

, 21 2 cos
b

b c
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r r ϕ
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+ +
       (A.14) 
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, ,b w b cS r S=          (A.15) 

 
 
 
in which: 
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3
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on cr

r cr

U v
r

v v
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−
        (A.16) 

 
 
This implies that , 0b wS =  if 0.01r < and , 0b cS =  if 100r > . The angle between 

current and wave direction is defined by ( )ϕ  and is suggested to be a constant value of 

ninety  degrees. 
 
 
The suspended sediment transport that results from wave asymmetry is also included in 
the bed-load transport vector by using an approximation method proposed by Van Rijn 
(2001): 
 

,s w A TS U Lγ=          (A.17) 

 
where 
 

,s wS  = wave-related suspended transport   [kg/m/s] 

γ   = phase lag coefficient     [-] 

AU   = velocity asymmetry value    [m/s] 

TL   = suspended sediment load = 500.007 s ed Mρ   [kg/m2] 
 
The velocity asymmetry AU  is determined by: 
 

4 4

3 3
on off

A
on off

U U
U

U U
⎛ ⎞−
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The direction of the current induced bed-load ,b cS  is assumed to be equal to the 

direction of the current, while the wave related transport components ,b wS  and ,s wS acts 

in the direction of the wave propagation. 
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A.2  Modelling of the waves (Delft3D-WAVE) 
 
This section about the Delft3D-WAVE module (version 4.91.02) is partially taken from 
the Delft3D-WAVE User Manual (WL| Delft Hydraulics, 2006). In this module the third-
generation SWAN model (version 40.51A) is implemented, that accounts for refraction, 
propagation, wave-wave interaction, wind-induced wave growth bottom dissipation, 
depth induced wave breaking and current breaking (Holthuijsen et al., 1993). The 
waves are described with the two-dimensional wave action density spectrum N(σ,θ) 
rather than the energy density spectrum E(σ,θ), since in the presence of currents the 
action density is preserved whereas energy density is not. The action density is equal to 
the energy density E(σ,θ) divided by the relative frequency (σ): 
 

( , )( , ) EN σ θσ θ
σ

=             (A.18) 

 
In SWAN the evolution of the wave spectrum is described by the spectral action 
balance equation, which for Cartesian coordinates is formulated as: 
 

, ,( , ) ( , ) ( , ) ( , )( , ) ( , )g x g yc N c N c N c NN S
t x y

θ σ
σ θ σ θ σ θ σ θσ θ σ θ

θ σ σ
∂ ∂ ∂ ∂∂

+ + + + =
∂ ∂ ∂ ∂ ∂

 (A.19) 

 
In which 

( , )N σ θ  Wave action density  
( , )E σ θ  Energy density  
,x y   Distance (in x- and y-direction, respectively)  [m] 

, , ,x yc σ θ   Propagation speed for x, y, σ, θ, respectively  [m/s] 

σ    Relative frequency      [Hz] 
θ    Wave direction      [degrees] 

( , )S σ θ  Source/sink term in terms of energy density 
 
The first term on the left-hand side of Eq. (A.19)  represents the local rate of change of 
action in time, the second and third terms represent propagation of action in geographic 
space (with propagation velocities cg,x and cg,y in x- and y-space, respectively). The 
fourth term represents depth- and current-induced refraction (with propagation velocity 
cθ in θ-space), while the fifth term represents the shifting of the relative frequency due 
to variations in depths and currents. The term S at the right-hand side of the action 
balance equation is the source term in terms of energy density representing the effects 
of generation, dissipation and non-linear wave-wave interaction. The integration of the 
action balance equation Eq. (A.19) has been implemented in SWAN with a implicit 
upwind scheme. 
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B Conceptual description Opti-Routine 

 
 
 
 

Initial weights 
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New weights 

RMS of 
diff(WAD,target
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Iteration
loop

Assign random 
weights to close 

conditions
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(close conditions)
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target with new weights
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(set weight to zero)

Data 

Only 1 condition left 

The diagram shows that during each elimination step, the iteration loop is performed, also 
for the first elimination step, with all conditions participating. During this step no conditions 
are eliminated yet, there are no most-closely correlated conditions to assign random 
weight to, so in fact nothing happens during this iteration loop. The weights from the 
iteration loop during the first step of the elimination loop are equal to the initial weights. 
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C Tables 

 Table C.1.1 Tidal datums (period: 1991-1997). Source: http://tidesandcurrents.noaa.gov  

TIDAL DATUMS 

Tidal datums at SANTA BARBARA, PACIFIC OCEAN based on: 

 LENGTH OF SERIES : 7 years  

 TIME PERIOD : januari 1991 – December 1997  

 TIDAL EPOCH : 1983 – 2001  

 CONTROL TIDE STATION : 9410660 LOS ANGELOS, OUTER HARBOR 

Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS: 

 HIGHEST OBSERVED WATER LEVEL (01/19/1992) : 2.242 

 MEAN HIGHER HIGH WATER (MHHW) : 1.643 

 MEAN HIGH WATER (MHW) : 1.413 

 MEAN TIDE LEVEL (MTL) : 0.856 

 MEAN SEA LEVEL (MSL) : 0.850 

 MEAN LOW WATER (MLW) : 0.300 

 NORTH AMERICAN VERTICAL DATUM-1998 (NAVD) : 0.029 

 MEAN LOWER LOW WATER (MLLW) :0.000 

 LOWEST OBSERVED WATER LEVEL (12/17/1993) : -0.892 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://tidesandcurrents.noaa.gov
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Table C.1.2 Annual dredging rates within the Santa Barbara Littoral Cell. 
 

Year
Santa Barbara 

Harbour [m3/yr]
Ventura Harbour 

[m3/yr]
Channel Islands 

[m3/yr]
Port Hueneme 

[m3/yr]
1933 464
1935 154
1938 447
1940 533
1942 459
1945 549
1947 492
1949 641
1952 898
1954 818
1959 65
1960 399 4079
1961 246 0
1962 206 0
1963 354 1529
1964 282 146 0
1965 238 138 2696
1966 296 109 0
1967 272 183 0
1968 294 196 1239
1969 210 1440 2159
1970 371 248 0
1971 186 851 1840
1972 307 13 0
1973 279 913 1911
1974 293 321 0
1975 36 122 1383
1976 302 116 0
1977 356 697 1812
1978 473 379 0
1979 164 781 1514
1980 237 245 0
1981 140 622 1164
1982 281 907 0
1983 310 1091 964 215
1984 170 1019 0 0
1985 159 0 1414 0
1986 223 696 0 0
1987 171 278 1524 25
1988 86 612 0 0
1989 103 176 1315 0
1990 69 167 0 0
1991 220 288 1093 153
1992 184 401 0 0
1993 420 372 841 0
1994 264 359 0 0
1995 471 207 670 0
1996 338 637 0 0
1997 342 343 1001 0
1998 452 567 1252 0
1999 288 489 854 52
2000 288 626 0 0
2001 200 478 935 0
2002 257 512 0 0
2003 320 512 1567 0
2004 234 442 0 0

Average 240 456 772 20

Annual Dredging Rates within the Santa Barbara Littoral Cell
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Table C.3.1 Summary of the main model parameters applied in the Delft3D model 
 
Module Parameter Value Description

FLOW ∆t 30 Flow time step [s]
g 9.81 Gravitational acceleration factor [m/s2]
ρw 1025 Water density [kg/m3]
Vicouv 1.0 Horizontal eddy viscosity [m2/s]
Dicouv 1.0 Horizontal eddy diffusivity [m2/s]
Bottom roughness Chezy Roughness formula
Ccofu 65 Chezy friction coefficient in U-direction [-]
Ccofv 65 Chezy friction coefficient in V-direction [-]
Dryflc 0.1 Threshold depth of drying and flooding [m]
Dco -999 Marginal depth in shallow areas [m]

WAVE Bathymetry 1 Use bathymetry from FLOW computation [-]
Water level 1 Use water level from FLOW computation [-]
Current 1 Use current from FLOW computation [-]
Wind 1 Use wind from FLOW computation [-]
Directional space 360 Sector, counterclockwise w.r.t. North [°]

72 Number of spectral directions [-]
Frequency space 0.02 Lowest frequency [1/s]

0.5 Highest frequency [1/s]
24 Number of frequency bins [-]

Spectral space JONSWAP Shape of the spectrum
peak Period
3.3 Peak enhancement factor for JONSWAP spectrum [-]
10 Directional spreading

Boundary conditions Unifom Type of boundary condition
Parametric Specification of spectrum

Set-up FALSE Wave related set-up
Forcing radiation stress Computation of wave forces
Generation mode 3rd Generation mode for physics
Wave breaking B&J model Depth-induced breaking model

1 Coefficient for wave energy dissipation [-]
0.73 Breaker parameter [-]

Troads (LTA) FALSE Non-linear wave-wave interaction
Bottom friction JONSWAP Bottom friction formulation

0.038 Bottom friction coefficient [m2/s3]
Diffraction FALSE Formulation for diffraction
Wind growth FALSE Formulation for exponentional wave growth
White capping TRUE Formulation for white capping
Quadruplets FALSE Quadruplet wave-wave interaction
Refraction TRUE Refraction for wave propagation in spectral space
Frequency shift TRUE Frequency shift for wave propagation in spectral space

MOR MorFac 1 Morphological scaling factor [-]
Morstt 10 Spin-up interval for morphological changes [min]
Tresh 0.05 Threshold sediment thickness for transport and erosion reduction [m]
EqmBC TRUE Equilibrium sand concentration profile at ininflow boundaries
Densin FALSE Include effect of sediment concentration on fluid density
Aksfac 1.0 van Rijn's reference height (Aksfac * ks) [-]
Rwave 2.0 Wave related roughness (Rwave * estimated ripple height) [-]
AlphaBs 1.0 Streamwise bed gradient factor for bed load transport [-]
AlphaBn 1.5 Transverse bed gradient factor for bed load transport [-]
Sus 1.0 Multiplication factor for suspended sediment reference concentration [-]
Bed 1.0 Multiplication factor for bed-load transport vector magnitude [-]
SusW 0.0-0.3 Wave related suspended sediment transport factor [-]
BedW 0.0-0.3 wave related bed-load sediment transport factor [-]
SedThr 0.1 Minimum water depth for sediment computations [m]
ThetSD 0.0 Factor for erosion of adjacent dry cells
HMaxTH 1.5 Maximum depth for variable ThetSD [m]
FWFac 1.0 Vertical mixing distribution according to van Rijn [-]  
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Table C.4.1Prevailing wave climate in the Santa Barbara Channel. The reduced set of wave conditions 

consists of those wave conditions indicated in red.   
 

Condition Hs [m] Tp [s] Dir [°] Prob. of 
occ. [%]

Condition Hs [m] Tp [s] Dir [°] Prob. of 
occ. [%]

1 1.30 15.36 131 0.05 51 2.77 13.45 334 0.17
2 1.29 15.40 146 0.25 52 3.02 14.81 140 0.01
3 1.29 15.36 160 0.67 53 3.42 17.39 153 0.01
4 1.29 15.06 174 1.82 54 3.36 18.67 173 0.07
5 1.28 14.87 188 2.34 55 3.22 11.99 266 0.06
6 1.24 14.98 206 2.16 56 3.25 13.94 280 0.58
7 1.26 14.39 232 0.29 57 3.24 12.52 294 2.98
8 1.20 12.71 248 0.5 58 3.23 12.38 306 1.8
9 1.27 12.56 264 1.19 59 3.25 11.50 322 0.8

10 1.28 12.25 279 2.86 60 3.27 12.21 334 0.06
11 1.30 11.10 293 4.72 61 3.76 18.63 158 0.08
12 1.30 10.15 307 3.51 62 3.75 18.53 170 0.09
13 1.32 10.31 320 0.89 63 3.95 18.50 187 0.03
14 1.35 8.89 334 0.04 64 3.67 19.05 217 0.01
15 1.65 17.04 125 0.08 65 3.69 17.39 239 0.01
16 1.77 14.95 143 0.23 66 3.75 16.00 255 0.01
17 1.69 15.32 158 0.52 67 3.69 7.14 267 0.01
18 1.67 15.80 173 0.94 68 3.72 14.18 280 0.63
19 1.67 15.71 188 1.36 69 3.74 13.12 294 2.13
20 1.69 15.57 206 1.23 70 3.69 12.58 306 1.26
21 1.70 14.77 233 0.4 71 3.71 11.27 320 0.33
22 1.70 13.75 248 0.71 72 3.67 10.81 333 0.04
23 1.74 13.64 265 1.57 73 4.11 18.22 161 0.04
24 1.74 12.24 279 4.19 74 4.19 17.39 174 0.01
25 1.77 10.18 293 10.71 75 4.21 13.73 282 0.1
26 1.77 10.09 306 5.78 76 4.23 13.22 295 1.16
27 1.79 10.36 321 1.44 77 4.22 13.41 306 0.73
28 1.76 10.80 333 0.13 78 4.24 11.66 320 0.08
29 2.07 15.21 126 0.03 79 4.29 9.14 332 0.03
30 2.15 15.49 143 0.09 80 4.69 17.39 270 0.01
31 2.21 15.79 160 0.08 81 4.72 14.46 282 0.05
32 2.21 15.39 174 0.14 82 4.71 13.72 294 0.65
33 2.16 15.91 187 0.21 83 4.73 12.06 305 0.3
34 2.21 15.34 207 0.17 84 4.74 17.39 318 0.01
35 2.24 15.47 237 0.06 85 5.21 16.02 280 0.1
36 2.23 14.35 249 0.27 86 5.29 13.24 294 0.27
37 2.23 14.04 265 0.9 87 5.28 12.17 305 0.15
38 2.23 12.79 280 3.54 88 5.71 15.53 278 0.06
39 2.25 10.26 294 9.15 89 5.74 12.78 295 0.1
40 2.24 10.09 306 6.16 90 5.81 11.90 304 0.02
41 2.23 10.75 321 1.94 91 6.19 16.32 278 0.05
42 2.25 11.32 333 0.09 92 6.18 12.95 295 0.04
43 2.65 15.76 176 0.05 93 6.18 13.05 304 0.04
44 2.71 13.79 234 0.02 94 6.61 18.22 282 0.04
45 2.62 14.47 251 0.03 95 6.61 12.12 288 0.01
46 2.72 14.17 265 0.28 96 6.78 13.87 304 0.03
47 2.72 13.29 280 1.64 97 7.18 18.03 283 0.03
48 2.74 11.06 294 5.06 98 7.27 16.10 293 0.02
49 2.71 10.86 306 3.1 99 7.08 14.13 307 0.03
50 2.73 11.56 322 1.14  
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D Wenthworth-Krumbein scale of sediment size 

The Wentworth scale divides sediment into size classes based on powers of 2. According to 
this scale, fine sediment is defined as the clay and silt components and includes all particles 
smaller than 0.0625 mm in diameter (Table D.1). Krumbein introduced the phi (φ) scale as 
an alternative measure of sediment size, related to grain size by the equation φ = −log2 d, 
such that d=2−φ, where d is the grain diameter (in millimeters). Thus, larger phi units 
correspond to smaller grain sizes.  
 

Sediment size Phy (φ) Lower-bin grain diameter (mm)

Boulder -8 256
Cobble -6 64
Pebble -2 4
Granular -1 2
Very course sand 0 1
Course sand 1 0.5
Medium sand 2 0.25
Fine sand 3 0.125
Very fine sand 4 0.0625
Silt 8 0.004
Clay 12 0.00024  
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E Sensitivity analysis: summary 

Using the mean grain size diameter (D50) of 0.26 mm for the entire area results in a 
realistic pattern of the littoral drift rates, although the dredging rates are underestimated 
by approximately 50%. The default value of the current-related calibration factors 
(sus/bed) of 1.0 results in an underestimation of the littoral drift rates upcoast of the 
Santa Barbara and Ventura Harbor. With respect to the reference simulation, a 
somewhat higher value of wave-related calibration factors (susw/bedw) will result in a 
higher correlation between the dredging rates and the sediment transports through 
transects 12 and 24. With a susw/bedw value of 0.4, a reasonable proxy for the 
dredging rates is obtained. 
 
The result of a simulation with the improved calibration parameters mentioned above is 
illustrated in Figure E1.1. The Santa Clara and Ventura River discharge is simulated as 
an average annual discharge. Although underestimated by approximately 20%, the 
simulated longshore sediment transport appears to be in reasonable agreement with 
the average dredging data. 

 
Figure  E1.1 Littoral drift rates 

 





Sediment Budget Analysis of the Santa Barbara Littoral Cell  October 2008
  

 

Deltares 93
 

F Figures 
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